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SCIENTIFIC RESEARCH: THE ART OF 
REVELATION AND OF PROPHECY .* 


I, 


ScIENTIFIC research is the highest work 
undertaken by the man of science, and it 
‘an be undertaken with confidence only by 
him who has made himself familiar with 
the state of his art, to date, or by the genius 
whose inspiration may, now and then, make 
learning, for the time and the occasion, less. 
essential. Yet it is particularly true, in 
science, that genius involves a talent for 
hard work. That talent first achieves 
learning, then seeks further knowledge 
through research, skillfully interrogating 
Nature. 

Scientific research may be defined as 
‘the Art of Revelation and of Prophecy.’ 
By investigation, commonly experimental, 
the research is directed toward the ac- 
quirement of new facts in a field in which, 
at the moment, earlier gleaners either have 
done little or, having explored the field 
extensively, yet lack knowledge of certain 
fundamental elements of the problem of 
formulation of the laws relating to its phe- 
nomena. It is sought to reveal a new 
system of scientific phenomena, of natural 
science, or to complete the partly developed 
theory. When the facts are thus learned, 

* An address delivered before the Pennsylvania 


Chapter of Sigma Xi, by Robert H. Thurston, 
Philadelphia, June 14, 1902. 
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they are studied in their mutual relations 
and, those relations being ascertained, the 
law underlying them may be identified. 
When that law is determined, and in such 
manner as to make it possible to formulate 
it, verbally, perhaps algebraically or graph- 
ically, its general operation may become 
discoyerable and its action may often be 
traced backward into an indefinitely ex- 
tended past and even forward into an 
equally unlimited future. Revelation and 
prophecy are thus fruits of science. It 
may perhaps be said, with truth and liter- 
ally, that we to-day know no other method 
of either revelation or prophecy. 

It is thus that Leverrier and Adams 
prophesied the discovery of an outer planet 
previously unseen. Thus the statistician, 
observing the growth of a population, or 
the development of industry during earlier 
years, predicts the filling of the valley of 
the Mississippi with a teeming population 
or the transfer of the financial center of 
the world into a new metropolis. Darwin 
revealed a past world history and Laplace 
indicated the process of organization of a 
universe. Lodge showed the way to com- 
municate through the intermediate space 
over an indefinite distance and Marconi and 
Slaby have talked across a state or an ocean 
without tangible connections. Rumford 
and Davy revealed the transmutation of 
energies, and Morse and Watt and Bell and 
their fellow-physicists produced national 
and international systems of utilization and 
transformation, giving us the steam-engine, 
the telegraph, the telephone, the electric 
light and the electric railroad. Hertz and 
Roentgen introduced us into a new depart- 
ment of energy-transmission in which light 
penetrates the opaque, and Daguerre gave 
us an art which permits exact picturing of 
our surroundings and enables even invisible 
stars or nebule to imprint their portraits 
upon the photographic plate, and previously 
unknown worlds thus to reveal themselves. 
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Lyell, Hugh Miller and the later geolo- 
gists gave us our knowledge of the past his- 
tory of the globe and a prophecy regarding 
its future; while the astronomer watching 
the developments in Perseus now sees and 
deseribes to us the destruction of the world, 
‘of which the heavens are seen to melt with 
fervent heat,’ and the simultaneous begin- 
ning of the new heaven and the new world, 
the process and the sequence prophesied 
alike by Laplace and the inspired seer. 
When it was discovered that the brain 
was capable of being marked off into defi- 
nite and located sections, each of which 
related itself to a defined process or, fune- 
tion, it became possible to predict that the 
surgeon might thus determine the point at 
which to operate, the place at which a tu- 
mor might be found; ultimately, perhaps, 
finding safe ways of excision, of promotion 
of healthy growths or of reproduction of 
degenerated tissue. When, after scientific 
investigation, the bacteriologists showed the 
physician how to look for a cause of dan- 
gerous diseases and of world-devastating 
plagues, it became evident that a method 
of remedy could be intelligently sought 
through ‘research.’ Thus the revelation of 
that extraordinary action of microscopic 
forms of vegetable life had, as its almost 
axiomatic corollary, the prophecy of con- 
trol, if not of entire extinction, of the most 
vicious and intimidating and fatal diseases, 
and of relief from the scourges of diphthe- 
ria, malaria and yellow fever and even from 
consumption and intestinal poisons. The 
previous triumphs of Lister and his col- 
leagues in rendering internal surgery safe 
and successful were but the forerunners of 
other triumphs in every branch of medi- 
cine and surgery. When the action of al- 
cohol upon the tissues was scientifically 
demonstrated, and it was assigned its prop- 
er place in the pharmacopeia with coffee, 
tea and other substances of its class, the 
revelation of its true action, value and 
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functions permitted the prophecy that it 
would cease to be employed under govern- 
mental sanction for improper uses, and 
that, ultimately, the definition of temper- 
ance would be scientifically obtained and 
that the eause of good morals and good man- 
ners would be thus everywhere promoted. 

That mightiest of seers and prophets, 
Darwin, has taught us the art of revela- 
tion and of prophecy in every field of scien- 
tifie development. His study of the origin 
of species first compelled a recognition of 
the facts that all life and all movement at 
the moment is but the exhibition, at the in- 
stant of observation, at a single minutest 
point in its path, of the present stage in a 
constant progression, dating back to an in- 
finite past and to continue into an infinite 
future. The present is but the infinitesi- 
mal in time dividing the past from the fu- 
ture into which the past continuously flows. 
Darwin ealled attention to an obvious fact, 
at onee recognized, that there is no solution 
in the continuity of natural phenomena, 
whatever may be the catastrophe affecting 
an atom, a body, an individual or a country 
or a nation. Every existing noumenon, in 
whatever realm of nature, in whatever uni- 
verse, seen or unseen, has a life-history 
extending continuously and with defined 
sequence to the farthest past; it may be 
assumed that its later life-history will be 
developed, in whole or in elementary parts, 
by a no less absolute continuity and a no 
less perfect sequence, into an indefinite if 
not infinite future. 

This is now seen to mean that the univer- 
ses, all the universes, will continue to 
evolve their infinite forces and forms, and 
that energies will continue to exhibit their 
protean characteristics and to construct 
worlds, life, nature, art, minds, industries, 
with constant evolutions of sequence and the 
revelation of a lengthening curve of pro- 
gress that shall at every instant point along 
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a terminal; the direction of the momentary 
tendency revealing a future by its past. 
Mendeléef, with his table of the chemical 
elements arranged in series and in groups, 
illustrates the possibilities of prophecy in 
an interesting and striking manner. Clas- 
sifying the known elements, he discovered 
the law which controls their relations of 
atomic weight and predicted that the miss- 
ing figures, 44, 69 and 72, would later 
be found to attach themselves to the atoms 
of elements yet to be discovered. Secan- 
dium, gallium and germanium were later 
found in accordance with his prophecy, 
much as computed elements of missing 
planets of our solar system were the sources 
of the discovery of previously unknown 
heavenly bodies. Mendeléef, Adams and 
Leverrier were prophets of the same high 
order. It may now be anticipated that 
similar researches, prompted by the discoy- 
ery of the divisibility of the formerly sup- 
posed indivisible atom, may reveal a new 
order. of elementary matter, and revelation 
and prophecy combine to open to the chem- 
ist and the physicist a new world and a 
new universe. There still remain other as 
yet undiscovered elements in the ‘Table of 
the Periodic System’ of Mendeléef, and 
possibly new orders and new series as yet 
unpredicted may remain to be revealed by 
the researches of later men of genius of 
this type. Every new element possesses 
new and peculiar properties and each new 
discovery gives rise to unique possibilities, 
both in the use of the new element and in 
its compounds. Scientific research still 
has here wonderful opportunities and the 
fortunate author of new revelations will 
achieve, not only fame hardly less than 
his predecessors, but vastly more impor- 
tant to the truly great mind, also advantage 
to his fellow-men in ways and to a degree 
as yet unsuspected by the average mind. 
Huxley, greatest among seers and proph- 
ets of science since Darwin, nowhere illus- 
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trates his quality more perfectly than when 
insisting, in the great debates of his time, 
on the necessarily and essentially perfect 
accordance of all truths and the universal 
evolution of all the worlds. Truths are al- 
ways mutually consistent and invariably 
reinforce each other, without limitation. 
The truths of science and the truths of re- 
ligion, of morals, of humanity, can never 
conflict. Should it appear that an incon- 
sistency exists between what are asserted 
to be facts of science and what are declared 
to be truths in theology, it would simply 
compel the deduction that one or the other, 
perhaps both, must be wrong; forcing the 
honest and earnest man to the more com- 
plete and detailed study of both, with 
manifest and inevitable advantage to both 
and to himself, compelling the reconcilia- 
tion of both formulations by ascertaining 
the real facts, the common truth. We daily 
find ourselves on opposite sides of the 
shield and most frequently discover, on in- 
vestigation, that the substance is neither 
the gold of the one side nor the silver of 
the other, but something oftentimes more 
precious than either. 

There is as certainly no ground for con- 
flict between those who seek to promote 
pure science and those who as earnestly and 
honestly endeavor to advance applied sci- 
ence. The laws of the universe are ours 
to study and so to utilize as to promote, in 
highest possible degree, the welfare of our 
country, our neighbors, our families, our- 
selves. The revelation of the facts and laws 
of natural seience, the upbuilding of the 
framework and the filling in of the con- 
struction ealled a science, is a first step and 
its fortunate discoverers are the pioneers of 
a large body of later investigators, these, in 
turn, of a still larger body of men interested 
in making useful the knowledge thus ac- 
quired, in every field. All are needed; 
each helps the other and all are helpful to 
the world. We do not diseuss the relative 
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importance of heart and stomach to brain 
and muscle, or of the pendulum to the dial 
of the clock. 

All men gravitate toward their positions 
of maximum usefulness in this world and 
no two have precisely the same value or 
power of achievement or adaptation to 
place and task. Let each do the best possible 
in the place and in the work thus coming 
to each, and a maximum efficiency of pro- 
duction, of utilization, of final accomplish- 
ment will be achieved. 

The term ‘revelation’ has an entirely ecor- 
rect signification in this connection. Not 
the most brilliant genius and_ brightest 
mind that ever adorned this world, lacking 
that scientific knowledge and _ training 
which is essential to scientific progress and 
to the discovery of the great facts of nature 
and the ascertainment of nature’s law; not 
the meditations of the wisest and most 
thoughtful mind that ever Buddhist or 
Brahmin possessed, prolonged through all 
eons constituting the Hindoo chronological 
cycle; not the highest inspiration of any 
sage of ancient or of modern times; not all 
nor. any of these sources of wisdom could 
reveal the characteristics of an element, the 
nature of gravitation or its law, the ther- 
modynamie quantivalence, the simplest 
fact or the most elementary principle in 
any science or achieve the fundamental 
knowledge of its youngest and least ex- 
perienced novice. It is only science that 
can give us a true revelation of the nature 
of phenomena, the essential facts of life 
and motion, or the real basis of evolutionary 
changes; far less could either or all predict 
the position at a stated time of a distant 
star, the coming eclipse, the penetrative ef- 
fect of a shot to be discharged from an as 
yet uneconstructed piece of ordnance, the 
figures of the next decennial census, the 
atomie weight of an undiscovered element, 
or the time of high water at any future 
time in the harbor of New York, Liverpool 
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and Cape Town. It is the literal fact that 
revelation and prophecy are to-day re- 
served for science. 

The revelation of a single fundamental 
fact, the discovery of one primary princi- 
ple, by the intelligent application of a scien- 
tific method in research, may supply the 
firm basis of important and far-reaching 
prophecy. When Count Rumford reveal- 
ed the fact of the identity of energies, mo- 
lecular and mass, the almost axiomatic prin- 
ciple that all energy is simply the product 
of the weight into a function of velocity, 
regardless of the magnitude of the mass or 
the character of the movement, it was the 
assertion of the intertransformability of all 
the energies of movement, whether of stars 


and planets and comets in their orbits, of a — 


flying shot, of a falling stone, of thermal 
or electrical vibrations or of chemical com- 
binations, whether of masses, of molecules, 
of atoms or of the recently announced ele- 
ments of the atoms, if such there prove to 
be. That one fact of the identity of the 
energies permitted the predictions of Car- 
not, serving, later, as the foundation of a 
new science. It justified the prophecy of 
an all-comprehending science of Energetics, 
as Rankine afterward denominated it, 
which should serve as the common funda- 
mental basis of all physical, chemical and 
mechanical seiences; bringing molecular 
and atomie motions and relations into the 
same field with those of all telluric masses 
and of every stellar world, comprehending 
all phenomena of movement, whether of the 
ether or of a universe gliding through a 
greater infinity of space. 


II. 


The purposes of scientific research, im- 
mediate or ultimate, are the revelation of 
previously unknown facts and natural 
phenomena, the discovery of that quali- 
tative relation amongst them which is recog- 
nized as the result of the operation of law, 
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the formulation of the law, and its quanti- 
tative connection with the facts and their 
sequence. The immediate purpose is the 
discovery of the facts and of the phe- 
nomena and their quantitative measure- 
ment; the later purpose is their grouping, 
their orderly arrangement, the expression 
of the law of such arrangement and of 
their interaction in the production of phe- 
nomena and, finally, the construction of 
systems of fact and law, quantitatively ex- 
pressed, such as we designate as the sci- 
ences, as, for example, the mathematical 
and physical sciences, mechanics, ther- 
modynamies, physies and chemistry, geol- 
ogy and astronomy. Ultimately must come 
the correlation of the sciences. 

All this means, first of all, the applica- 
tion of scientific method to the advance- 
ment of science itself.* It assumes the 
planning of a scientific method of advance- 
ment of science, of a scientific process of 
development of each department and of the 
complex whole which constitutes a pantol- 
ogy, the breadth and the depth and the 
limits of either the larger or the lesser in 
which no man knows nor perhaps ever can 
know or conceive. | 

When knowledge, in greater or in lesser 
amount, is thus aequired, classified and re- 
corded, the outcome, whatever the intent of 
its authors, will always be found to be the 
advancement of humanity in material and, 
no less, in intellectual and moral ways. In 
fact, a material foundation is always re- 
quired for advancement in morals, in man- 
ners, in culture and in happiness, by any 
nation. Education in science, in litera- 
ture, in language, in the professional basis 
of a vocation, and in wisdom, learning, cul- 
ture, morals and religion, is all one. 

**The Scientific Method of Advancement of 
Seience;’ Vice-President’s address, American 


Association for the Advancement of Science, St. 
Louis Meeting, 1878, by R. H. Thurston. 
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The fundamental element of the methods 
of scientific research is the fact, the phe- 
nomenon. facts, individual or in groups, 
independent or related, are revealed by the 
investigator and are grouped by the genius, 
or by the expert in that branch of science. 
But facts and phenomena are the products 
of nature’s laws and are their expression. 
A law is the expression of the relation of a 
group or a series of related facts or phe- 
nomena; it is the thread upon which the 
discovered pearls of truth are strung. It 
has continuity; the facts themselves are 
discontinuous, or may be so; the natural 
world is one great system of phenomena 
and fact thus bound together, in multiples 
or in various series, to constitute a single 
tremendous complex fact. 

As I have elsewhere expressed this rela- 
tionship of fact and laws* ‘‘ All science is 
thus made up from the infinite number of 
facts which are comprehended in the uni- 
verse of the known and the to-be-known. 
Its existence is assured by the stability of 
all those principles of philosophy which are 
woven into the connecting web. * * * The 
man of science, the philosopher whose task 
it is to ereate and to advance all human 
knowledge of the great kingdom of nature, 
is therefore a discoverer of facts, an obser- 
ver of phenomena, a student of nature’s 
laws. He is a systematic recorder of facts, 
a codifier of laws.’’ 

As is now well understood, the ‘Law of 
Substance,’ as Haeckel proposed to eall it, 
provides the foundation of the whole code 
of scientific formulation of natural law. As 
I expressed it, in the discussion just refer- 
red to, ‘‘the fundamental principle of the 
indestructibility of ‘the two products of 
creation, matter and foree, and the fruit 
of their union, energy,’ the principle of the 
indestructibility of all that has been ere- 

* Vice-President’s address; Transactions Ameri- 


can Association for the Advancement of Science, 
St. Louis meeting, 1878. 
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ated, supplies a basis for all sciences and 
for all scientifie work.’’* 

This ‘Law of Substance’ was thus stated 
by me at that time (1878) : 

‘‘At the basis of the whole science of 
energetics lies a principle which was enun- 
ciated before science had a birthplace or a 
name. 

‘All that exists, whether matter or force, 
and in whatever form, is indestructible ex- 
cept by the infinite power which has created 

But the statement of this fundamental 
and universal law was, in fact, made cen- 
turies before and possibly by many wise 
men of earlier times. Cicero says ‘one 
eternal and immutable law embraces all 
things and all times,’ and he might per- 
fectly well have added: That law is per- 
sistence of all the elements of creation. 

The purpose of scientific research is thus, 
immediately and ultimately, the building 
up of a complete system, or of a section of 
this great edifice, as the case may be, on the 
foundation thus established. The work 
to be done in applied science must always 
involve the utilization of the work of the 
scientific investigator in the realms of pure 
science, and the task of making applica- 
tion of scientific knowledge and of re- 
search-revelations, in the promotion of 
the industrial and higher interests of 
the people, will be certain of performance 
when the scientific system is perfected as 
a code of natural law. 


III. 


The fields of scientific research extend 
into every department of present human 
knowledge and, probably ultimately, will 


* Vice-President’s address, American Associa- 
tion for the Advancement of Science, Philadelphia 
meeting, 1884. 

+ Transactions American Association for the 
Advancement of Science, 1878; Vice-President’s 
address on the ‘ Philosophic Method of Science 
Adyancement.’ 
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reach into departments still unknown and 
undreamt of by even scientific men. As en- 
gineering is systematizing and correlating 
all the industries and making even agricul- 
ture a branch of chemical and mechanical 
engineering, so science is gradually com- 
ing to comprehend all worlds and it may 
even be confidently hoped that what 
have been the speculative philosophies 
may, in time, become admittedly depart- 
ments of positive science and subject of 
fruitful research. 

These fields will undoubtedly continue 
to be simply extensions of the old and long- 
cultivated areas first discovered in the ear- 
liest times of which history preserves the 
records. Astronomy, astrology, the de- 
partment of alchemistry, mechanics, phys- 
ies, all the Alexandrian learning, all the 
later acquisitions of the Saracens and of 
the later ages in Europe, remain still incom- 
plete as sciences and still afford opportuni- 
ties of still inereasing extent to every in- 
vestigator. The nineteenth century saw 
developed the whole thermodynamic theory 
of the heat-engines and of energy transfor- 
mation. The improvement of these prime 
movers—the Archimedean levers which 
move the world—in their construction and 
the revelation of the scientific principles of 
their action, the progress of invention and 
of science, the sole guide toward perfection, 
the sole competent judge of approxima- 
tion to perfection and of the perfect work, 
through all that century went hand in hand, 
and once the thermodynamic theory of the 
engines Became fully supplemented by a 
theory of wastes by extra-thermodynamic 
processes and by a financial theory of ap- 
plication, the work of Watt and Carnot 
may be said to have been completed. The 
commencement of the twentieth century 
sees the whole theory of the steam-engine 
practically completed and the structure of 
the machine, either as a reciprocating en- 
gine or as a steam-turbine, substantially 
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perfected; while the engineer is now tak- 
ing up the gas engine, also a century old, 
and reducing its theory and its mechanism 
to similar perfection. Henceforth we must 
expect exceedingly slow progress in this 
field and, as the outlook now appears, early 
and complete interruption—unless, indeed, 
the inventor and the man of science can 
find ways of entrance into a new field. 
And why should they not? 

During the nineteenth century the en- 
gineer, made steady progress by increas- 
ing his steam pressure from one atmosphere 
to fifteen, and, experimentally, to a hun- 
dred atmospheres by increasing piston 
speeds from 100 to 1,000 feet per minute 
and by placing his engine-cylinders in 
series to intercept still unconquered wastes. 
Now he is still moving forward, though 
cautiously, in the same lines, and is increas- 
ing the thermodynamic temperature-range 
by superheating steam and the ratio of 
expansion by adopting the steam-turbine; 
thus, also, evading the heavy tax of so- 
called ‘eylinder condensation.’ External 
conduction and radiation and friction are 
minimized and we still gain, though the ap- 
proximation of the real to the now per- 
fectly defined ideal has come to be fairly 
close in our best work.* A new path must 
be sought, and it is for the engineer and 
man of science together, or both in one, to 
show us the way. 

Among all the problems of the twentieth 
eentury, none are more seductive, more 
glorious in aspect, more fruitful of good 
to the race, than those assigned the man of 
science in this field and to his partners, the 
engineer, the inventor, the mechanician. 


**Manual of the Steam Engine,’ New York, 
J. Wiley & Sons, R. H. Thurston. See Chap. 
VIL, Vol. I., for the ‘ Financial Theory’ and 
Chap. VIII. for a summary of thermodynamic and 
applied theory of the steam-engine; Chap. VII., 
Vol. IL., for the ultimate commercial outcome of 
theory and art, conspiring. 
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The ‘next great problems of science,’ as I 
have called them, involve some which are 
extraordinarily important and _ curious, 
genius-provoking and talent-utilizing : prob- 
lems which can presumably be only solved 
through the cooperation of all those forms 
of native talent, perhaps combined in the 
one man, perhaps in all—the engineer, or 
the man of science, or the inventor and the 
mechanician. 

‘The progress of the race and the ad- 
vancement of civilization, whether in the 
direction of industrial improvement or of 
intellectual growth, depend, the first 
mainly, the second largely, upon the ex- 
tent and the suecess of man’s utilization of 
the four great natural forces, or ‘energies,’ 
as the man of science calls them: heat, 
light, electricity, mechanical or dynamic 
power. 

‘‘The engineer, to whom is confided this 
duty of utilizing all the forces of nature 
for the benefit of his fellows, has, however, 
now apparently reached a point beyond 
which he can see but little opportunity for 
further improvement, except by slow and 
toilsome and continually limited progress. 
He seems to have come very nearly to the 
limit of his advance in the directions which 
have, up to the moment, been so fruitful 
of result. 

‘The living body is a machine in which 
the ‘law of Carnot,’ which asserts the neces- 
sity of waste in every heat-engine, and 
which shows that waste to be the greater 
as the range of temperature worked 
through by the machine is the more re- 
stricted, is evaded; it produces electricity 
without intermediate conversions and 
losses; it obtains heat without high-tem- 


perature combustion, and even, in some 
eases, light without any sensible heat. In 
other words, in the vital system of man 
and of the lower animals, nature shows us 
the practicability of directly converting 
one form of energy into another, without 
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those losses and unavoidable ‘vastes charac- 
teristic of methods the invention of which 
has been the pride and the boast of man. 
Every living creature, man and worm alike, 
shows him that his great task is but half 
accomplished; that his grandest inventions 
are but crudest and most remote imitations; 
that his best work is wasteful and awkward. 
Every animate creature is a machine of 
enormously higher efficiency as a dynamic 
engine than his most elaborate construction, 
illustrated in a 10,000 horse-power engine. 
Every gymnotus living in the mud of a 
tropical stream puts to shame man’s best 
efforts in the production of electricity; and 
the minute insect that flashes across his 
lawn on a summer evening, or the worm 
that lights his path in the garden, exhibits 
a system of illumination incomparably su- 
perior to his most perfect electric lights.’’ 

Here we have a single example of the 
opening of a new field of research of tre- 
mendous importance to the human race, yet 
unexplored and hardly recognized. 

It seems more than probable that it is 
to the mysteries and lessons of life that 
the chemist, the physicist, the engineer, 
must turn in seeking the key that shall 
unlock the still unmrevealed treasures of 
coming centuries. These constitute na- 
ture’s challenge to the engineer. 

Nature in each of these cases converts 
the energy of chemical union, probably of 
low-temperature oxidation, into just that 
form of energy, whether of mechanical or 
of a certain exactly defined and required 
rate of ether vibration, that is best suited 
to the intended purpose, and without waste 
in other force, utilizing even the used-up 
tissue of muscle and nerve for the produc- 
tion of the warmth required to retain the 
marvelous machine at the temperature of 
best efficiency, whatever the environment, 
and exhaling the rejected resultant carbonic 
acid gas at the same low temperature. Man 
wastes one fourth of all the heat of his 
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fuel as utilized in his steam boiler, and 
often ninety per cent. as used in his open 
fire-places; nature, in the animal system, 
utilizes substantially all. He produces 
light by eandle, oil lamp or electricity, but 
submits to a loss of from one fifth to more 
than nine tenths of all his stock of available 
energy as heat; she, in the glow-worm and 
fire-fly, produces a lovelier light without 
waste measurable by our most delicate in- 
struments. He throws aside as loss nine 
tenths of his potential energy when at- 
tempting to develop mechanical power; she 
is vastly more economical. But in all 
eases her methods are known to be radi- 
eally different from his, though as yet ob- 
scure. Nature converts available forms of 
energy into precisely those other forms 
which are needed for her purposes, in ex- 
actly the right quantity, and never wastes, 
as does invariably the engineer, a large 
part of the initial stock by the production 
of energies that she does not want and 
cannot utilize. She goes directly to her 
goal. Why should not man? He has but 
to imitate her processes. 

‘‘Should the day ever come when trans- 
formations of energy shall be made in na- 
ture’s order, and when thermo-electric 
changes shall be a primary step toward 
electrodynamie application to purposes now 
universally attained only through the unsat- 
isfactory processes of thermodynamics as il- 
lustrated in our wasteful heat-engines, the 
engineer, following in his work the prac- 
tice of nature, which has been so successful 
throughout the life of the animal kingdom, 
will find it easy to drive his ship across the 
ocean in three days; will readily concen- 
trate in the space now occupied by the en- 
gines of the Majestic a quarter of a million 
of horse-power; will transfer the millions 
horse-power of Niagara to New York, Bos- 
ton, Philadelphia, to be distributed to the 
mills, shops, houses, for every possible use, 
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furnishing heat, light and power wherever 
needed.’’* 


IV. 


Methods of planning scientific investiga- 
tions involve, first, the precise definition of 
the problem to be solved; secondly, they 
include the ascertainment of the ‘state of 
the art,’ as the engineer would say, the re- 
vision of earlier work in the same and re- 
lated fields, and the endeavor to bring all 
available knowledge into relation with the 
particular case in hand; thirdly, the inves- 
tigator seeks information which will per- 
mit him, if possible, to frame some theory or 
hypothesis regarding the system into which 
he proposes to carry his experiment, his 
studies and his logical work, such as will 
serve as a guide in directing his work most 
effectively. The first step is thus the ac- 
quirement of a complete knowledge of the 
essential work of investigation which has 
been accomplished by others, to date. 
This eliminates the primary work and per- 
mits avoidance of repetition, as well as 
reveals the suggestions of every great mind 
which has attacked the question in its pre- 
liminary stages, and places the investigation 
on the level from which further advance 
becomes directly and effectively practi- 
eable. It also gives the proposing investi- 
gator a firm and ample foundation on which 
to build higher and exhibits to him the 
trend of the work, in advance. He will 
have ascertained the locus and direction of 
what I have called a ‘curve of progress’ and 
it may give him the needed data from 
which, if quantitative measures and defi- 
nite relations are available, to construct the 
graphic history of the case throughout its 
earlier periods. 

The research may next be undertaken 
intelligently and with definitely arranged 
strategic predisposition of detailed plans 
of operation. The condition of the work 


* The Forum, R. H. Thurston, September, 1892. 
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is known to date and the direction of eur- 
rent progress is ascertained. The investi- 
gator loses no time or energy in following 
false leads. 

The empirical, the imaginative and even 
the guess-work systems, or perhaps lack of 
of system, more accurately speaking, have 
their place, however, even in scientifie re- 
search. The work of Copernicus, of Kepler, 
Newton, even, must be thus classed in im- 
portant parts. 

‘*The dim Titanie figure of the old monk 
seems to rear itself out of the dull flats 
around it, pierces with its head the mists 
that overshadow them and catches the first 
glimpse of the rising sun 


‘* * * like some iron peak, by the Creator 
Fired with the red glow of the rushing morn. 


99 


But Copernicus first made a shrewd guess 
and then followed scientifie and logical 
mathematical work and confirmation. This 
illustrated what Tyndall ealled ‘the scien- 
tific use of the imagination’; it was not a 
scientific beginning. 

Kepler, also, was ‘strong almost beyond 
competition in speculative subtlety and 
innate mathematical perception.’ His 
method of procedure was illustrative of 
that of ‘trial and error’ without scientifi- 
cally established premises or Euclidian 
sequences. For nineteen years, he guessed 
at the solution of sufficiently well- 
defined problem, finding his speculation 
erroneous every time, until, at last, a 
final trial of a last hypothesis gave rise to 
deductions confirmed by observation and 
the laws of Kepler were established. His 
first guess had been that the orbits of the 
planets were circular, his next that they 
were oval, his last that they might be el- 
liptical. Only in the latter case could the 
observed data be reconciled with the as- 
sumption of Kepler. 

In somewhat similar manner, Galileo 
sought to prove the correctness of his hy- 
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pothesis regarding gravitation; consistency 
with which would compel falling bodies, 
unresisted, to fall at the same rate, what- 
ever their magnitude. He proved this 
fact by an experiment, taking two iron 
shot, the one large and the other small, to 
the top of the Leaning Tower of Pisa and 
showing that their fall oeceupied the same 
time. The ‘guinea and feather tube’ in 
which, within a vacuum, the two drop with 
similar rapidity, is but a refinement of that 
first experimental confirmation of Galileo’s 
idea. 

‘The simultaneous clang of those two 
weights sounded the death-knell of the old 
system of philosophy and heralded the 
birth of the new,’ not as condemning specu- 
lation and guess-work or the ‘scientific use 
of the imagination,’ but as enforcing the 
principle that no hypothesis can be accept- 
ed until given raison d’étre by an experi- 
mental or observational appeal to nature. 

Even Newton, witnessing the fall of the 
apple—an apocryphal but not improbable 
story—and thus set thinking, necessarily 
began by speculating upon the probable 
eause of the phenomenon and its laws. 
Kepler had shown how the planets moved 
in their orbits; Galileo had discovered the 
method of action of gravitation and had 
revealed the Laws of Motion now adopted 
by Newton. The time was ripe for another 
step. Newton conceived the idea that the 
gravitational foree must be universal and 
must affect every substance throughout 
space, its laws being without limit, the con- 
stants in the formulas expressing them hav- 
ing the same value. The law of gravity is 
that of a central force acting throughout 
space with an intensity varying inversely 
as the square of the distance from the cen- 
ter of attraction. Newton at once applied 
his hypothesis to the solar system, and 
proved that the motions of the planets, as 
revealed by Copernicus, were consistent 
with this new ascertained fact. The sun 
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was the central attracting body and every 
planet and each satellite was obedient to 
this all-eontrolling foree. 

Thus, while the correct sequence is, 
logically, the deduction of Kepler’s Laws 
from the Laws of Gravitation, the fact is 
that the relation was discovered by scientific 
use of the imagination and the confirmation 
by deduction from an assumed accuracy of 
those primary laws followed. 

Newton’s estimate of his work, as that 
of ‘a child playing on the seashore’ while 
‘the immense ocean of truth extended it- 
self unexplored’ before him, in the light 
of these considerations seems less remark- 
able. Newton did indeed play on the 
shore of the great ocean of truth, and 
mused and speculated as he played; but he 
also did what the greatest of the ancient 
philosophers declined to do—he speculated 
with the aid of all his reasoning power, and 
then submitted his deductions to the touch- 
stone of direct test by experiment and by 
comparison with the facts revealed by re- 
search. 

Again and later: Lagrange and Laplace 
discovered and enunciated the two ‘ Laws 
of Stability,’ the ‘Magna Charta of the 
planetary systems’; but the discovery was 
brought about by a scientific use of the 
speculative faculty, and the laws were con- 
firmed by reference to the whole system of 
gravitational mechanics founded by Galileo 
and Newton, proved by experiment and 
confirmed by long years of accurate obser- 
vation. Laplaece’s ‘Nebular Hypothesis’ 
was a ‘sublime speculation.’ Its accept- 
ance or rejection is made by every man 
of science, subject to its confirmation or 
disproof by direct appeal to fact. 

Scientifie prophecy, illustrated by the 
magnificent work of Adams and Leverrier 
in their computation of the elements of the 
orbit of Neptune, from the known meas- 
ures of variation of other planets in their 
orbits produeed by disturbances set up by 
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the unknown planet, is the loftiest of all 
forms of product of the mind of man. 
Prediction was a common fact in science at 
an early date; but it never before had been 
the fact that a great mathematical astrono- 
mer, in his study, with tabulated figures of 
irregular motions of heavenly bodies before 
him, had even attempted to compute the 
position of that disturber of the harmony 
of the spheres and to say to the observer 
at the telescope: ‘ Direct your glass at the 
infinitesimal point in all the sky indicated 
by these computed measures and you shall 
see a new world.’ It was thus, however, 
that Neptune was found. 


Wa 


The methods of conduct of experimental 
research are in general simple and have one 
common system. The preliminary survey 
having been made, the work of earlier in- 
vestigations having been collated and ar- 
ranged with reference to the purpose in 
view, and the plan of the work having been 
in a general way settled, the first step is to 
determine what apparatus is needed in the 
prosecution of that plan and what is avail- 
able. The plan and the aim of the research 
give the necessary basis of judgment re- 
garding needed apparatus, and it may often 
happen that it is all obtainable without 
difficulty or delay. It oftener occurs, how- 
ever, that old apparatus must be modified 
to meet the precise requirements of the 
work in hand, and that, in many eases, en- 
tirely new must be devised. Sometimes an 
important, or, at least quite novel and in- 
genious, instrument or machine must be 
invented to meet a special need. The plan 
itself has given opportunity for the exer- 
cise of both invention and imagination ; the 
selection, the construction and the assign- 
ment to specifie work of the apparatus wil! 
be found to demand in most cases even 
more of both these attributes of genius. 

The apparatus having been thus selected, 
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catalogued and assigned to duty, the plan 
is revised to make sure that every step in 
its series of proposed tasks is provided 
with the needed apparatus and material, 
direct and accessory. The scheme of the 
work may then be written out in full, and 
the memorandum should inelude a refer- 
ence to the apparatus selected for use at 
every successive step and a statement of 
the kind and quantity of material to be 
provided. The materiel of the campaign 
may next be assembled or, if extensive, 
located, and its availability assured. It is 
sometimes embarrassing to reach an im- 
portant point in such work and to find that 
a piece of apparatus or certain material 
needed, possibly immediately and impera- 
tively, is not to be had. It may be neces- 
sary to set about the design and construc- 
tion of special apparatus at once in order 
that the investigation shall not be delayed 
at a later stage by its non-completion. 

My own experience yields an illustration 
of this point. I had been intrusted with 
the exploration of the whole field of those 
ternary alloys of most importance in the 
arts, those of copper, zine and tin, the 
‘kalehoids,’ as I called them, and could see 
no way of systematically and economically, 
yet completely, accomplishing what seemed 
the impossible task of determining the 
strength, elasticity, ductility and other 
properties of the useful alloys in all the 
infinite number of possible compositions. 
The task proved simple, easy and inex- 
pensive, comparatively, when I had, after 
some months of delay awaiting a satisfac- 
tory scheme, hit upon the system of plan- 
ning the representation of the results of re- 
searches involving such measurements of 
three coordinate dimensions.* To-day, the 


**On a Method of Planning Researches involv- 
ing Three Dimensions,’ Transactions of the 
American Association for the Advancement of 
Science, 1877. ‘Strongest of the Bronzes,’ 
Transactions Am. Soc. C, E., 1881. 


[N.S. XVI. No. 402, 


principal characteristics of that whole class 
of useful alloys are not only determined, 
but are represented by graphic and glyptic 
and algebraic forms permitting their com- 
putation or measurement, whatever the 
alloy sought. 

The outcome was also, as obviously might 
have been prophesied, the identification of 
what I denominated the ‘maximum alloy’ 
—the strongest alloy that man can make 
by combination of those three metals—its 
composition, its strength and its every 
important characteristic. An alloy which 
has been on the market now for many years 
and has proved to be of extraordinary 
value is one of these ‘kalchoids,’ closely 
approximating the ‘maximum alloy’ in its 
proportions and properties. 


By patiently waiting until a satisfactory. 


system could be adopted, it thus became 
possible to select intelligently a few repre- 
sentative alloys and by the results of their 
examinations construct the curve or the 
surface, the diagram or the model, of which 
the ordinates should give the values of the 
characteristic by them measured of all pos- 
sible alloys of the metals employed, whether 
the alloy be binary or ternary.* 

One of the best illustrations of the scien- 
tific method of planning the investigation 
of an as yet unexplored field, and of the 
endeavor to discover a method of utilization 
of as yet undiscovered means of obtaining 
a desirable and defined result, is the case of 
the invention of the new general method of 
production of aluminium. 

The investigator was an undergraduate 
student at Oberlin. He recognized the 
probable value of aluminium in the arts, 
could it be produced in large quantity for 
market and at a low cost. He believed 
that electrolysis would prove the most con- 
venient, perfect and inexpensive method; 

**Graphie Diagrams and Glyptic Models’; R. 


H. Thurston, Transactions As. M. E., Vol. XIX., 
1898. 
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but there was at the time no known process 
by which it could be applied to this ele- 
ment. The problem as enunciated by the 
investigator was this: To find a form of 
electrolyte rich in aluminium which should 
be comparatively easily separated into its 
elements, and to discover a substance for 
the solvent which should prove a satisfac- 
tory ‘bath.’ To meet the requirements of 
the ease, this latter substance must be a 
good conduetor, of electricity, must readily 
dissolve the proposed electrolyte and must 
have a higher resistance to electrolytic dis- 
ruption than the electrolyte. This was 
the scientifie statement of the fundamental 
facts to be brought into use, and, these re- 
quirements being met, it was obvious that, 
if the current should not prove too ex- 
pensive, the process would unquestionably 
produce the then rare and costly metal at 
a remarkably low cost. 

To discover. the needed substances for 
electrolyte and solvent was a problem of a 
different sort; it involved the examination 
of all available compounds of aluminium, 
so far as obviously not suitable, the study 
of the various possible solvents for the 
compound selected and the determination 
of eleetrie conductivities—a series of solu- 
tions of problems by ‘trial and error.’ By 
virtue of rare familiarity with the chem- 
istry and the physies of the subject, the 
search was, after a time, rewarded by com- 
plete suecess. It was discovered that 
beauxite—the oxide of aluminium, alumina, 
in faet—is dissolved by molten eryolite, the 
double silicate of aluminium and sodium, 
and that the latter, while dissolving the 
former freely and serving as an ideal sol- 
vent, also itself broke up under the action 
of the eleetrie current at a much higher 
voltage than alumina. So far as known, 
these are the only substances in nature 
which stand to each other in such relations 
as to permit commercial production of the 
metal, and Charles M. Hall, the inventor of 
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the process which now practically gives to 
the world its whole annual product of 
thousands of tons of aluminium, was at 
once inventor, discoverer and scientifie and 
successful investigator. The incident of 
the discovery of a method of production of 
a new commercial metal for employment in 
the useful arts in enormous and rapidly in- 
creasing quantity thus illustrates the char- 
acteristic element of each of the great de- 
partments of research. 

The instrumentalities of successful re- 
search are essentially three, genius, appa- 
ratus, organization; yet valuable work may 
be done, where the problem is simple and 
definite, by the steady worker, well-in- 
formed, intelligent and industrious, even 
though not a genius. The first and high- 
est class of work is illustrated by that of 
a Davy, a Faraday or a Rowland or a 
Rankine; the second is daily exemplified 
by the investigations of the engineer, the 
metallurgist, the industrial chemist or 
even by the average business man collecting 
facts relating to his vocation and reducing 
to practical application the results of ordi- 
nary every-day investigations of the state 
of the market, the condition of the crops, or 
the accumulated stocks of the trade. The 
now common method of graphical record of 
the course of prices, wages and production 
permits every business man to diseover the 
trend of change and the probable values of 
the immediate future. This is as truly 
researeh as is much of the scientific work 
of the chemist, the physicist or the astron- 
omer. 

Yet, for successful revelation of the pre- 
viously mysterious secrets of nature, the 
highest genius, the most complete equip- 
ment for investigation and the perfect 
organization of a staff must often be made 
to conspire. 

The provision of extensive organizations 
for the special work of research is now 
coming to be an established and recognized 
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modern method of systematic attack upon 
the still unrevealed treasures of the natural 
world, and the foundation of associations 
and the provision of large capital for the 
work of research are the most recent in- 
strumentalities. The Royal Institution of 
Great Britain, built up by the great Amer- 
ican, Count Rumford, the Smithsonian In- 
stitution, established in the United States 
by a famous Englishman, and the Carnegie 
Institution, now just founded by the great- 
est of organizers, a Seotch American, are 
illustrations of the latest and greatest of 
modern systems of deliberate preparation 
for, and of systematie prosecution of, scien- 
tific promotion of the advancement of 
science. 
VI. 

Results obtained, whether in the imme- 
diate work of solution of the problem in 
hand or incidentally and as bearing upon 
other more or less related questions, should 
be very carefully and systematically col- 
lated, systematized with reference to their 
respective relations to the problem, and, 
where practicable, tabulated in such man- 
ner as will permit their convenient use at 
all times and for any purpose. The data 
and the results of investigation will thus 
be brought into natural relations and pro- 
pinquity, and the whole outcome of the 
work thus brought into relief and given 
available form for study, 

It will often be found possible to employ 
the figures thus obtained in the identifica- 
tion of constants in already known rational 
equations forming part of the previously 
constructed theory of the case, or in empir- 
ical expressions improvised for the ocea- 
sion. Wherever numerical and mathe- 
matical relations can be identified and ex- 
pressed, and even when analysis does not 
lend itself readily to the work, it will 
often be found practicable to express the 
law relating new data and new facts to one 
another and to the already established sys- 
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tem, so far as complete, by graphical 
methods. In fact, for many, if not for most, 
purposes, it is much easier to comprehend 
and to employ a law exhibited by lines and 
curves than when it is stated algebraically. 
Many problems which are difficult, if not 
impracticable, of solution by algebraic 
analysis, may be readily, conveniently and 
fruitfully solved graphically. 

Wherever practicable, the rational ex- 
pression of the law is far preferable to the 
approximate and the empirical formula 
representing the relation of data obtained 
experimentally, and without reference to 
the underlying law; yet it often happens 
that the first, and in fact only practicable, 
system is that of plotting curves on 
‘squared paper,’ ‘section paper,’ and ob- 
taining their equations as the algebraic 
representation of relations and sequence. 
This was done by Regnault in constructing 
his still standard and classic ‘steam-tables.’ 

The laboratory for research, devoted 
especially to that work, equipped with 
every known device for weighing, for 
measuring, and for recording data, fur- 
nished with a staff of trained and scientifi- 
eally learned men, directed by one supreme 
directing mind, is the latest and greatest 
of mechanisms for working those inex- 
haustible mines in all departments of sci- 
ence. But the laboratory for research, how- 
ever well equipped and manned, must 
usually have its special field, and many 
laboratories must be employed in _ the 
development of the innumerable lines of 
scientific research already opened and par- 
tially explored. Any one organization must 
invariably find itself drawn by a sort of 
grativation into some special field, and 
specialization is as natural, and as neces- 
sary, in faet, in research as in any other 
business. The laboratory of one great in- 
vestigator becomes absorbed in the study 
of the coal-tar products; that of another in 
the investigation of the conductibility and 
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non-conduetibility of various substances 
and in their employment in the transmis- 
sion-systems of electric light and power 
‘plants’; still another is given up largely 
to the examination of the properties of the 
materials of construction and to tests of 
eolumns and beams of steel and iron. 
There must thus be many laboratories, and 
no one institution, however well endowed, 
can hope to eover the whole realm of 
science. 

So it happens that there is room and 
opportunity for all, and the laboratories 
directed by a single administration, as of 
the Royal Institution of Great Britain, may 
direct their energies under the eye of a 
Dewar toward the discovery of the proper- 
ties of the gases near the absolute zero and 
to the determination of the temperature 
of the interstellar spaces; while another, a 
more widely extended, field may be cov- 
ered, as by the Smithsonian Institution, 
under a Langley, supervising and aiding 
effectively the extension of human knowl- 
edge in all departments of science by 
publieation, by exchanging the papers of 
men of science and transactions of learned 
societies throughout the world, at the same 
time prosecuting research-work in impor- 
tant fields. Still another method may be 
illustrated by a Carnegie Institution, with 
its center of action fixed at the capital of 
the nation, reaching out into every corner 
of the land and promoting research in 
every laboratory in which a competent 
expert and a genius of sufficient caliber 
may appear. It provides this investigator 
with apparatus, lifts that famous inventor 
or discoverer out of the depths of routine 
and sets him free to earry on his glorious 
enterprise at his own sweet will, rising to 
the full height of his potentiality while 
discovering and utilizing already initiated 
researches of previously unknown and 
perhaps otherwise never-to-be-known men 
of genius. It provides apparatus and 
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funds to enable such men to carry investi- 
gations to ultimate, fruitful and important 
ends. 

There is room and there is need for all 
these, and for every other device for the 
acquisition of knowledge that may be con- 
ceived by the mind of man. Nature is infi- 
nite in her variety and in character of 
manifestation, and the universes are bound- 
less in microcosm as in macrocosm. No 
laboratory, no investigator, nor any num- 
ber or combination of laboratories, in the 
hands of however many men of superlative 
genius for research, can ever exhaust either 
of these still unimagined fields or reach the 
end of discovery of new realms; nor can 
any amount of capital appropriated to the 
promotion of research in pure and applied 
science ever bring about a state of affairs 
analogous to that of an industry outreach- 
ing the market by its overproduction. 
There will never be overproduction either 
of men of genius or of contributions to 
human knowledge, or to the comforts, the 
intelligence or the moral advance of a 
world like ours, capable of infinite progress. 

The laboratories of the colleges and the 
great universities, the world over, have 
been the most prolific sources of scientific 
discovery and revelation. Recently, how- 
ever, the industrial establishments of the 
great nations of Europe and of the United 
States have discovered that it is greatly to 
their advantage to prosecute such investi- 
gations for themselves in their own special 
fields of work. The German chemists and 
the electricians of the United States, and 
in this country also, the faculties of the 
engineering schools, perhaps more than any 
other, departments, have been thus engaged 
in the promotion of the industrial move- 
ments of their respective countries. 

Planning a curriculum for engineering 
schools in 1871, my conviction was so strong 
that the advancement of the applied sci- 
ences through systematic and carefully 
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planned research must soon come to be a 
recognized and a most important duty of 
such schools that I made the laboratory for 
research a leading feature of the scheme. 
Gradually its scope and its work have ex- 
tended until it has ultimately become one 
of the most fruitful of all the adjuncts of 
such institutions. To-day, in every engi- 
neering school of importance, it is con- 
sidered no less desirable and necessary to 
provide for systematic research than for 
laboratory instruction of students. Pro- 
gress in the industries is now very greatly 
promoted by the work of this department 
of the professional school. 


VII. 


Study of the data and results of the in- 
vestigation, thus collated and placed in a 
form suitable for convenient and accurate 
examination and comparison, once the 
work is complete so far as experiment is 
concerned, is the final step of the investiga- 
tion proper. If the object has been the 
identification of an important datum, as 
when our old friend, Rowland, measured 
the relation of mechanical and thermal 
energy, or as when my former pupil, 
Michelson, measured the velocity of light, 
the main work is that of correction of 
minor errors and of standardization of ap- 
paratus. When the purpose is the deter- 
mination of laws as well as facts, as when 
my former colleague, Langley, studied the 
resistances of the air as a problem in avia- 
tion, the numerical values must not only be 
checked and corrected, but the numerical 
relations of those facts and the law repre- 
sented must be formulated. The former 
task involves skill in mechanical construe- 
tion, the latter talent in the production of 
a scientific theory; both, when well per- 
formed, testify to genius in the investi- 
gator. 

Formulation, tabulation and systematic 
presentation for study thus may be so 
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performed as to make the work of sur- 
vey, of collaboration and of detection of re- 
lations of law and of quantivalence com- 
paratively easy. Lacking experience, or 
talent, or system, the imperfect tabulation 
of data, the inaccurate representation of 
relations or the unintelligent grouping and 
imperfect systematization of quantities by 
the investigator may conceal rather than 
reveal the solution of the problem in hand. 
The best and principal protection against 
such hindrance is correct and precise for- 
mulation of the problem at the start. 
Where a curve of results ean be laid down, 
or where any graphic or glyptic presenta- 
tion can be made, it is usually easy to per- 
ceive hitherto concealed relations and to 
secure desired deductions and conclusions. 
The production of lines and surfaces thus 
exhibiting these smoothly continuous varia- 
tions of value also has an exceedingly im- 
portant use in the detection of individual 
errors and the establishing of correct fig- 
ures. 

Rumford, Davy, Mayer, Joule and Row- 
land, thus establishing the measure of the 
‘mechanical equivalent of heat,’ made reve- 
lation of a fundamental datum on which, 
coupled with the principle of the quantiv- 
alence of the energies, it became possible 
to build up a new science which should give 
propheey both of paths of progress and of 
limits of improvement and of efficiency for 
the heat-engines which have proved of in- 
valuable service to the engineer and, 
through him, to the world. Carnot, seer 
and prophet, formulated in outline the new 
science. Rankine, studying the facts and 
data and fundamental principle thus re- 
vealed, from the standpoint of the engi- 
neer; Clausius, as a mathematieal physicist 
making a similar study, the single fact and 
the single datum, combined with a single 
law, that of the equivalence of thermal and 
dynamie energy, enabled them, independ- 
ently, each to accurately construct the new 
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science and to furnish the engineer the 
guiding principles of construction and op- 
eration of all heat-engines. To-day the en- 
gineer is following Rankine in the study 
of all new lines of improvement of efficiency 
of the heat-motors, and the chemist and the 
physicist are similarly following the guid- 
ing hand of Clausius in tracing the course 
of modern science in thermodynamic, in 
electro-dynamie and in electro-chemical 
branches of energetics. Each great pioneer 
revealed the processes of treatment of the 
subjeet best adapted to his own field of 
work, and each became a revealer and a 
prophet, pioneer in revelation and proph- 
ecy, in a new world. All contemporary 
and future workers will follow, confirm 
and utilize the scientific development of 
energetics as formulated by these great 
leaders at the middle of the nineteenth 
century. 

Sir Humphrey Davy, Michael Faraday 
and their contemporaries and later repé- 
liteurs, gave us that tremendous power in 
modern industrial development, electrol- 
ysis. They revealed the facts and the 
laws controlling the operation of electrical 
energy in its action upon chemical com- 
pounds and elements and electro-chemical 
science, now but a century old, is doing 
its marvelous work in a thousand ways. It 
enables new and cheap methods to be em- 
ployed in the reduction of the oldest of 
‘useful’ metals, copper, at times clogging 
the market by thousands of tons of surplus; 
it gives us new elements and new and use- 
ful metals, and thousands of tons of alu- 
minium are poured into the marts of trade 
and uneounted miles of conducting wire 
utilized in transportation of intelligence. 
The laws of this new science are now well- 
established and it needs no prophet to fore- 
see that it is to play a wonderful part in 
the industrial operations and the general 
progress of the twentieth century. 

Electricity, as hand-maiden with steam, 
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through a chain of experimental researches 
by the later physicists and their utilization 
by contemporary engineers and electricians, 
has been made accessory to the primary 
source of energy in the distribution of that 
energy to distant points of application; 
while the efficiency with which this form 
of energy may be transformed and em- 
ployed as light gives enormous gains in 
the economies of out-of-door and in-door 
lighting. The indications that may now be 
detected in many directions of still further 
progress through common methods of sci- 
entific development, encourage us to ex- 
pect, and soon, a multiplication of the 
amount of illumination which may be ob- 
tained by the unit of power thus trans- 
formed. 

_Even beyond this promised perfection of 
energy-transformation may be dimly, per- 
haps, but very positively, seen the indica- 
tions of a probable entrance of the chemist 
into this field as rival of the physicist and 
of chemico-dynamie processes to be yet thus 
utilized. 


VIII. 


Facts and law, data and their relations, 
phenomena and the sciences, are always 
paired, and the study of the one element 
of the pair involves at least the recognition 
of the other. The natural and commonly 
inevitable order in research is the discovery 
of new facts, their correlation with those 
already known, the revelation of the re- 
lations of magnitude of their quantities, 
the anticipation, the prophecy, often, of 
the underlying and connecting law, the 
statement of that law qualitatively, the 
final identification of the numerical values 
of the terms in which the law is expressed, 
and the precise statement of principles in 
quantitative terms. 

This statement of law within its limited 
range becomes, in turn, a newly revealed 
fact of nature and of the science attacked 
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by the investigator, and it, in turn also, 
is next studied, in its relations to other 
similarly circumscribed laws, with a view 
to further combinations and extension; 
and thus gradually a science is built up. 
This process is well illustrated by the work 
of Rankine and of Clausius in the construc- 
tion of the modern science of thermody- 
namics. The earlier work of Carnot as 
well illustrates the different work, the 
radically different work, the radically dif- 
ferent methods, of the investigator conduct- 
ing a research in his study on the simple 
basis of an ascertained principle or a broad 
and probable assumption. The one inves- 
tigation results in the construction of a 
science upon two fundamental principles, 
revealed by a series of experimental studies 
extending from the time of Rumford to 
the time of Joule and the builders of the 
science; the other is a logical construction 
based upon an assumed, but later fully re- 
vised and substantially confirmed, prin- 
ciple; which being admitted, the series of 
deductions follow as directly, as definitely 
and as certainly, as the propositions of 
Euclid, once the axioms are recognized.* 
The spectroscope and the telescope co- 
operate in the revelation of facts and data 
of singular interest and importance in as- 
tronomy; permitting, often, the prediction 
of a future likely to embrace hundreds of 
thousands of years. They determine the 
number, the periods and the magnitudes of 
visible stars, and through the revelation of 
their movements lead to the detection, and 
even the weighing, of invisible companions. 
It is not inconceivable that predetermina- 
tion of the location, orbit and direction and 
velocity of the stars may ultimately lead to 
the prediction of events of enormous impor- 
tance. The occasional sudden appearance of 


*Compare Rankine’s ‘Manual of the Steam 
Engine’ with Clausius’s ‘ Mechanical Equivalent 
of Heat,’ and both with Carnot’s ‘ Reflections on 
the Motive Power of Heat.’ 
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new stars lends at least some confirmation 
to the idea of Haeckel that the renewal of 
kinetic stores of energy throughout the uni- 
verse, and throughout all time, may be a re- 
sult of collision of masses moving across the 
fields of travel of other heavenly bodies, 
causing by their inconceivable and immeas- 
urable impacts increase of temperature and 
such reconstruction of systems as at once 
accounts for the appearance of the newstars 
and the reconstitution of universes. The 
new star in Perseus very possibly thus il- 
lustrates this renewal of long latent and 
potential energy and the possibly eternal 
life of the universe in its essentials as we 
now know it. 

When sufficient data have been revealed 
by these wonderful instruments, it may be 
found that some ‘runaway star’ is direct- 
ing its course toward our own solar system 
and threatening the extinction of existing 
life and the rebirth of a new system, with 
renewed evolutions from a new beginning. 
There is nothing inconceivable in the notion 
that at some future time, science may thus 
predict the impending catastrophe and the 
time when ‘the heavens shall melt with 
fervent heat,’ confirming an old, and giv- 
ing a new and more exact, revelation. 
When the exact direction, distance, course 
and velocity of ‘1830 Goombridge’ shall 
have been thus ascertained, it may possibly 
give us intelligence of a coming catastrophe 
among distant worlds more astounding and 
awe-inspiring than was ever before con- 
ceived by the mind of man, thus predicted 
by contemporary science and perhaps actu- 
ally ‘illustrated by many an earlier world- 
collision, as by that impact, beyond meas- 
ure of our understanding, which has but 
just now produced Nova Perseus and its 
fast-forming new nebula. Such a world- 
history would exhibit a cycle in which but 
one instant is catastrophic and of which the 
complete tracing measures an eternity. A 
series of such eternities, of infinite num- 
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ber, would be implied as the chronology 
of one universe, in which chronology, to 
its historian, a day is as a thousand years 
and a thousand years is but a day. The 
course of the ‘flying star,’ 61 Cygni, or the 
ineconeeivably rapid flight of the runaway 
star, measuring off two hundred miles each 
second, as it speeds across our universe and 
perhaps toward another in the unknown 
depths of space, when thus viewed, becomes 
only an ineident in the infinitely great. The 
life and movements of the gnat or of the 
minutest bacillus affords hardly less attract- 
ive and impressing studies of the micro- 
cosm. 

The known and weighed and measured, 
but never yet seen, companion of Procyon 
may yet be found, as has been already the 
similar companion of Sirius, and, found, 
may illustrate a phase in the life-history 
of the worlds as instructive, as impressive, 
as suggestive, as either, of these other phe- 
nomena of the heavens; but all, néa® or 
far, microcosmic or macrocosmie¢,’si le or 
mysterious and complex, all are but parts 
of one infinite whole, and there exists, 
though perhaps never to be fully revealed, 
a larger science which includes and governs 
all facts and all natural laws and within 
which every fact and every law has rela- 
tions exact, defined and permanent. It 
is for the scientific investigator to reap; 
in this unbounded harvest field, just as ex- 
tensively as his own finite powers give him 
means and opportunity, leaving to later 
generations of followers a clean and well- 
gleaned field as far as he may be permitted 
to go. 


IX. 


The building of a science is admirably il- 
lustrated by the work of Rankine and of 
Clausius, supplemented in details by Kel- 
vin, Zeuner, Réntgen, Hirm and the later 
investigators and students of the outlined 
science. 
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Rumford and Davy, Meyer. and Joule, 
supplied the numerical value of the factor 
relating the recognized thermal and dynam- 
ie energies, and the identity of these en- 
ergies in their essential nature, suspected 
by the ancients, had been sufficiently proved 
by the first named. Rankine made his 
foundation the two principles: 

1. Heat and mechanical energy are inter- 
convertible and with a definite quantiv- 
alence. 

2. Any single effect of the action of 
thermal energy is proportioned definitely 
to the quantity of such energy present and 
acting in the production of the phenome- 
non. 

Clausius made his fundamental proposi- 
tions: 

1. The thermal and dynamic energies 
have a definite and measured quantivalence. 

2. It is impossible for a self-acting ma- 
chine to derive mechanical energy by trans- 
fer of heat from a body of lower tempera- 
ture to one of a higher temperature. 

The latter principle is variously stated 
by these authors and still differently by 
others; but the deductions are the same 
whatever the verbiage. The one principle 
states the quantivalence of the energies; 
the other gives a means of determining 
what amount of energy, under specified 
conditions, shall be transformed, at the 
quantivalence stated, from one to another 
class. The first permits the immediate con- 
struction of the algebraic expression of the 
law: 

Such mechanical energy as is transformed 
in any ease has the measure: heat-energy 
in thermal units multiplied by Joule’s 
equivalent. This is universally recognized 
as ‘the first law of thermodynamics.’ 

The second statement leads, directly or 
indirectly, to the expression of the algebraic 
relations of work transformed out of heat, 
or the reverse, to total energy expended in 
the process studied; the work obtained by 
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transformation of thermal into dynamic 
energy in any defined case is measured by 
the product of the rate of variation of work 
with temperature into the measure of the 
absolute temperature at which the observa- 
tion or the computation is assumed to be 
made. If the work-effeect is exhibited in 
change of temperature, in change of volume 
at constant temperature, or by any single 
phenomenon in energetics, the formula 
will have the same form. 

It is now easily practicable to obtain the 
fundamental equation of the science of 
thermodynamies. 

Thus, on two simple propositions, based 
upon scientifie deductions from observa- 
tions of natural phenomena, and with the 
facts obtained by scientific research regard- 
ing specific” heats, volumes, pressures and 
tensions, the whole great and wonderfully 
important and productive science of ther- 
modynamies was by these two men of geni- 
us, independently and with entire original- 
ity, constructed, and their results were pub- 
lished practically and simultaneously. Had 
it been possible to measure the internal 
forces of the non-gaseous substances, this 
important science might have been con- 
structed upon the basis of the first law 
alone. It is not at all certain that it may 
not yet prove practicable to eliminate the 
second law as an essential primary proposi- 
tion; means being discovered of reducing 
the perfect gas and the vapor, the liquid 
and the solid, to a common form of ana- 
lytical expression involving the four fun- 
damental factors. The one now impassable 
obstruction to this simplification of the sei- 
ence is our inability to measure internal 
forces and to discover their law of varia- 
tion. 

Since Thomson has discovered evidence 
of the possibility of the divisibility of the 
once supposedly indivisible atom, and since 
the employment of the eleectrie forces in 
the analysis and synthesis of substanee in 
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every form, even the production of a new 
science, remains apparently among the op- 
portunities and in the future, perhaps, 
many new sciences. The reduction to meas- 
ure and to law of Thomson’s ‘corpuscles’ 
may prove to be the first step toward the 
solution of many remaining problems other- 
wise beyond our powers of analysis. This 
new fact, if it so prove, may reveal to us the 
real nature of the luminiferous ether, al- 
ready studied by Herschel, by Wood and 
others. 

The extraordinarily interesting and won- 
derfully ingenious investigation of the 
thermodynamics of the luminiferous ether, 
made by De Volson Wood, in 1885 or ear- 
lier, which study, however, seems to have 
attracted little attention as yet, admirably 
illustrates the fact that, given a certain 
definitely known system of facts and prin- 
ciples, a single thought of the man of 
genius may open a new and wonderful 
vista t the mind of man.* 

The essential properties of every ‘per- 
feet gas’ had long been known. It was 
known that two essential physical charac- 
teristics of the ether had been determined 
quantitatively—the velocity with which en- 
ergy was fransmitted by its vibrations and 
the quantity of energy transmitted by it 
from thé sun to the earth per unit of its 
section. It transmits energy at the rate of 
186,300 miles, 982,000,000 feet per second 
(299,838 kilometers per second), and de- 
livers heat energy from the sun at the rate 
of about 2.8 calories per square centimeter 
of the section of the beam, 133 foot-pounds 
per square foot, per second. 

Taking the evidence as wholly in favor 
of the conelusion that the luminiferous 
ether is a perfect gas, if a perfect gas in 
the thermodynamice sense exists at all, Wood 


**The Luminiferous Ether,’ by De Volson Wood, 
Philosophical Magazine, November, 1885; Van 
Nostrand’s Magazine, January, 1886; Wood’s 
Thermodynamics,’ Appendix I. 
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shows that what he denominates the 
‘modulus of the gas,’ the product of two 
measurable factors for all gases, is a econ- 
stant, Wood finds no difficulty in deter- 
mining the physical characteristics defining 
such an ether with at least approximate 
accuracy. He finds them, as would natu- 
rally be expected, most extraordinary, as 
must needs be in a gas transmitting vibra- 
tions at the rate of nearly two hundred 
thousand miles a second. His conclusions 
are thus expressed : 

A medium which has density such that a 
volume of it is equal to about twenty vol- 
umes of the earth would weigh one pound; 
whose tension is about 1.1 pound on the 
square mile; whose specific heat is 46 10"', 
water being unity—would ‘satisfy the re- 
quirements of nature, in respect to trans- 
mission of heat-energy and light. This 
conclusion from facts ef observation and a 
probable theory differs from Herschel’s re- 
sult in giving a high value of specific heat, 
rather than of tension; substituting a more 
probable for an entirely improbable con- 
clusion. This extraordinary but always es- 
sential element of the universe, it is found, 
must have a practically uniform tension 
and density throughout space, changing lit- 
tle between the surface of a star and the 
depths of infinity. It at once follows, we 
further conelude from Wood’s data, that 
if the ether be of limited quantity, at a 
finite distance from the center of attraction 
of the universe it must have a definite limit, 
as of a fog-bank, out of which no ray of 
light and no stream of heat-energy can 
pass to other worlds. From Wood’s strik- 
ing yet simple analysis we may derive thus 
the conelusion that, should it prove correct, 
there may exist other universes than ours, 
from which no heat or light or other ethe- 
real messenger may come to us, but yet that 
it is possible that, some day, two universes 
may come together, to unite as one or, in 
inconceivable violence of world-collision, to 
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disperse into a single nebula, subsequently — 
to condense again into a single universe. A 
runaway star from outer space may un- 
expectedly appear to cause similar results. 

At the height of 127 miles, the atmos- 
phere would have the density of such an 
ether, and this constitutes a measure of the 
altitude of the atmosphere in close accord- 
ance with a variety of other determinations 
on other and different bases. Everywhere 
the ether is practically diathermous, non- 
resisting, and constant in all physical prop- 
erties. 

An assumption made by Wood was that 
of the temperature of space, taken by him 
at 20° F. (11.1° C.) above absolute zero, 
not far from the temperature of solidifica- 
tion of hydrogen. But no important 
change that could be accepted as consist- 
ent with our knowledge of the temperature 
of the interstellar space would greatly 
alter the conelusions reached ; nor, in fact, 
would any probable admissable assump- 
tion of an independent measure of the 
‘modulus’ of this wonderful gas. It is, 
however, probable that this intensely se- 
ductive case is not yet closed. 


X. 


The opportunities of the investigator and 
of the collaborator are beyond our recog- . 
nition, and probably, in our present state 
of incomplete evolution, even our concep- 
tion. They may certainly be expected to 
furnish problems, indefinitely, for research 
in all fields and for all the immediate fu- 
ture of science. The resolution of all the 
recognized sciences, and of possibly as yet 
unclassified or even unsuspected sciences, 
into one great system is a final problem to 
be approximated with the passage of the 
centuries. 

That such an unlimited range is per- 
mitted in the work of the man of science 
is easily seen. In the first place, man, from 
the beginnings of scientific study and in- 
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vestigation, has steadily advanced into the 
unknown; secondly, his progress has been 
an acceleration which has been increasing 
in its rate from the beginning; thirdly, all 
progress has been made by a continuity of 
path which indicates no limit to its reach; 
finally, we know that the various fields of 
scientific work are all exhibiting, as far as 
we have gone, a perfect continuity. It 
would seem most probable, if not absolutely 
certain, that, once we have secured a foot- 
hold upon any new field, we may anticipate 
complete ultimate exploration. Once we 
have gained firm hold upon any one link in 
the logical chain of law controlling any 
class of phenomena, we may expect to be 
able, in due time, to pass, link by link, to 
either end, or, if endless, either through its 
eyclical configuration or indefinitely to- 
wards its infinity of development, and 
to gain as much of its length as finite time 
may permit. So much may we prophesy. 

It is also true that scientific investiga- 
tion and general observation show that the 
process of scientific deduction is always 
as simple and as direct as a child’s logie. 
It necessarily depends upon the following 
of a chain of reasoning, based upon inter- 
linked, ascertained, facts, every step from 
link to link of which is an axiomatic deduc- 
tion. This is true of all reasoning, and in 
no department of human knowledge or in- 
vestigation is this a more absolute and im- 
perative general condition of assurance of 
certainty of results than in each step in 
scientific research. 

When it was first observed that the glow- 
worms and the fire-flies produced a light 
within their own bodies, it became an 
axiomatic inference that it was a ‘cold 
light’ and that it could not be accompanied 
by any heat of higher temperature than 
that of the cold-blooded creature from 
which it emanated. When Langley proved 
by means of his bolometer that the light 
of the fire-fly, instead of producing a 
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candle-temperature of 2000° Fahr. (above 
1100° C.) was quite free from sensible 
heat, it became obvious that this must be 
the ‘cheapest form of light’ and that, could 
we find a way of imitating nature in this 
direction, instead of wasting 99 per cent. 
or more of our expended energy, as in the 
ordinary gas-flame, we might secure nearly 
a hundred times as much light from the 
same cost in energy supplied, and thus 
practically without waste.* As stated by 
Langley and Very, this light ‘is a result of 
certain chemical combinations and nothing 
forbids us to suppose that it may some 
day be produced by the processes of the 
laboratory.’ Perhaps we may go further 
and say that, as a product of a chemical 
process, it may prove to be possible to 
reproduce it by the direct application of 
the elementary energies which there oper- 
ate. This is one of the great problems still 
challenging the chemist, the electrician and 
the engineer. It will be solved when we 
learn to produce any part of the spectrum, 
heat and light in any proportion, from 
zero to unity, at will. 

Nature’s ‘cheapest light,’ according to 
Langley and Very, involves heat-production 
about one four-hundredth that of the ean- 
dle-flame and has an insignificant cost, 
so measured, as compared with the most 
economical light yet employed for indus- 
trial purposes by man. Nature produces 
light and almost no heat; man produces 
light with a hundred times as much energy 
wasted in form of accompanying heat, even 
with his best lights. Nature, through an 
evolution extending over countless cen- 
turies, millenniums, probably, has brought 
about the perfection of energy-utilization. 
Man, guided by nature, should be able, in 


*S. P. Langley and F. W. Very, ‘ Cheapest 
Form of Light,’ Smithsonian Coll., XLI., 1901. 8S. 
P. Langley, Scrence, June 1, 1883; Proc. National 
Academy. President’s Inaugural, Am. Soc. Mech. 
Engrs., 1880, R. H. Thurston. 
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a comparatively brief period, to reach the 
same end. Nature causes to conspire all 
the energies and all the forces with all the 
materials of creation in the production of 
her purposes with most perfect efficiency. 
Man should be able, studying her ways, to 
do the same. Nature makes all the uni- 
verses obey her single law. Man should 
be able to not only detect, define and re- 
duce to rule and measure that universal 
law, but he should be able to compel the 
universal law to his service and to produce 
as complete and consistent a world of his 
own—so far as it goes, at least—as is ex- 
emplified in the natural world about him. 
Directing every energy precisely to the ac- 
complishment of its prescribed purpose, ap- 
plying every substance in its right place 
and in the right manner in his construc- 
tions, and bending every law to his aid in 
the building of a world, he may profit in 
maximum degree by every force, energy 
and substance, by all material and all 
spiritual laws and phenomena, by all op- 
portunities of advancing himself to loftier 
and loftier planes, perfecting himself and 
perfecting life by continuous gain. 

The solidification of hydrogen by Pro- 
fessor Dewar, April 6, 1900, before the 
Royal Institution, brought us, at the begin- 
ning of the twentieth century, to the con- 
clusion of a series of brilliant researches 
which had for their outeome evidence that 
all known forms of elementary matter. are 
capable of assuming either of the three 
principal states, gaseous, liquid or solid, 
to this degree reducing all matter to com- 
mon rules and an all-comprehending law. 
It now only remains to ascertain whether, 
as De Volson Wood assumed, the lumin- 
iferous ether, perhaps ‘corpuscular,’ may 
he classed with the more ponderable forms 
of matter. This seems possible, even prob- 
able. This series of investigations of the 
effect of low temperature upon the elements 
completes that line of study, and it will 
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presumably, ere long, be seen that this, like 
every other great victory over nature in 
the domain of pure science, will have its 
ultimate and practical value as well in the 
opening of the way to other, and perhaps 
no less splendid, researches, as in the in- 
troduction of new methods of application 
of the forces of nature to the use of man. 

The recent and richly fruitful discovery 
of the so-called ‘radio-activity’ of certain 
forms of matter brings forward new facts 
of quite another class and provokes the in- 
vestigator into new fields of research. This 
mobility of energy, or matter, whichever 
it may prove, taken together with the 
Roberts-Austen proof of the mobility of 
solids and their interflow, even the densest 
of them all, opens the way to the applica- 
tion of a new form of theory of glacier- 
like flow in the field of metallurgy, and pos- 
sibly with even more widely reaching em- 
ployment. Perhaps it may align itself 
with the current theory of electric ioniza- 
tion. | 

A wonderfully simple experiment will 
sometimes result in a no less wonderfully 
important deduction. When Roberts-Aus- 
ten placed lead and gold in contact, fitting 
their adjacent surfaces nicely to insure per- 
fect contact, and later found that mole- 
cules of gold had started off on a journey, 
independently, into the lead, some of them 
reaching a distance from their original 
positions of two inches in as many years, 
that simple test was sufficient to prove the 
propositions that alloys may be formed 
without heat or fusion, that glacial flow is 
not characteristic of the glacier alone, that 
osmose in solids may occur as in liquids 
and in gases, only requiring a longer time 
for its accomplishment, and that new in- 
dustries may perhaps be organized on this 
simple basis of fact. The conclusion, enor- 
mous in its scientific importance, unimag- 
inable in its extent of deduction, may be 
drawn from this one experiment, accord- 
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ing to Ricker, that all matter is atomic in 
plan, that it ‘consists of discrete parts 
capable of independent.motions,’ * that the 
atomic theory has a basis of fact. This 
conclusion is regarded as positive and nec- 
essary, whatever the charaéteristies of 
those parts may prove to be. Such simple 
facts probably led Lord Kelvin to con- 
elude, as he wrote to Professor Holman, 
‘‘we may expect the time to come when we 
may understand the nature of the atom. 
With great regret I abandon the idea that 
a mere configuration of motion suffices.’’ + 

Wiedemann’s deduction from his study 
of the light from sodium vapor and incan- 
descent platinum, that the energy needed 
for producing ‘pendulous movement’ of 
atoms or molecules giving light-effects must 
be very insignificant in comparison with 
the total energy employed, may throw some 
light both on this question and on that re- 
lating to the ‘cheapest form of light.’ 

It is by this scientific method of gradual 
revelation of the secrets of nature and this 
foresight of the coming knowledge, this 
discovery of methods and this apprehension 
of the continuity of law, that the chemist 
has come to such perfection in the analysis 
of all known substances and in the syn- 
thesis of many valuable and useful com- 
pounds; as in his production of all the coal- 
tar products, in the reinforcement of nature 
in the production of artificial madder and 
increasingly numerous lists of other ma- 
terials of commerce. It is through this 
art of revelation and of prophecy that the 
physicist has shown the way to the engi- 
neer in the utilization of electrical energy 
and the distribution of light, power and in- 
telligenee, and has given the astronomer the 
means of analysis of the most distant 
stars and measurement of their rate of ap- 
proach or reeession. Thus the geologist 

* President’s address before the British Associa- 


tion for the Advancement of Science, 1901. 
+ Scrence, June 22, 1900, p. 988, E. H. Hall. 
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learns the history of the earth, the lesson 
of its construction and the tale of a com- 
ing time of progressive decline in all its 
forms of life, and even roughly computes 
the past and the future period of its life, 
from superheated to a cold and dead estate. 
The building of a science gives progress to 


_ civilization, reinforees real learning and 


advances the individual man to higher life.* 


R. H. THurston. 
CORNELL UNIVERSITY. 


(To be continued.) 
ON SOME RECENT ADVANCES IN THE FIRE- 
PROOFING TREATMENT OF WOOD. 


THE saturation of wood with chemical 
solutions has mainly two objects in view, 
either to prolong the life of the wood by 
rendering it as resistant as possible to de- 
cay, or to make it resistant to the attack of 
fire and to cause it when exposed to flame 
to earbonize as slowly as possible without, 
of or from itself, contributing to the in- 
crease of the flame. We will take up the 
second of these two lines of treatment for 
present discussion. 

The treatment of wood with a view of 
making it fire-resistant is not a matter of 


*The use of the ‘curve of progress’ some- 
times finds curious and unexpected application. 
The study of the curve of progress of the speed 
of the horse was years ago attempted by this 
method, and it was found by the author of this 
address that the ‘two-minute horse’ might be 
expected at about the commencement of the 
twentieth century. Several periods of smooth 
progress, broken, ‘ catastrophically,’ by improve- 
ments or by inventions, were observed, as when the 
four-wheeled ‘wagon’ was superseded by the 
‘sulky’ and when the pneumatic tire was intro- 
duced. In each curve the trend has, at the break, 
become approximately asymptotic. The horse had 
nearly reached his limit and the reduction of load 
was the only recourse, in further promotion of 
progress.—Sci. American Supplement, December 1, 
1894. 

+ Read before Section C of the American Asso- 
ciation for the Advancement of Science, Pitts- 
burgh meeting, June, 1902. 
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recent years. The Bavarian chemist Fuchs 
in 1820 applied the newly discovered sili- 
cate of soda to the fireproofing of wood and 
employed it in the rebuilding of the Munich 
theater for the treatment of both the wood 
work and the hangings of the theater. Gay 
Lussae in 1821 suggested the salts of ammo- 
nia and borax. Tungstate of soda also 
figured at an early day in the list of fire- 
proofing salts as well as the salts of zine 
and the chlorides of the alkalies and eal- 
cium and magnesium. Antedating all of 
these, however, going back indeed to the 
records of ancient Greece and Rome, was 
alum, which has always been a favorite fire- 
proofing material, used both alone and in 
admixture with other compounds. 

All of these materials can under circum- 
stanees exert a notable fire-retarding effect 
and have served as the basis of a variety of 
patented processes for the treatment of 
wood. 

But we must not lose sight of the fact 
that the problem of satisfactorily impreg- 
nating wood for fireproofing purposes is a 
mechanical as well as chemical one and it 
will be best to look at the mechanical side 
of it for a few moments. The typical ap- 
paratus until recently employed every- 
where wherewith to saturate lumber with 
fireproofing solutions was a large cylinder, 
running from 60 in. diameter and 70 to 80 
ft. long to 84 in. diameter and 105 ft. long; 
closed at one end, with a movable head at 
the other, swinging horizontally or lifting 
vertically to open or close. It was fastened 
when closed by a complicated system of 
radial bolts to the external end of the cyl- 
inder. The eylinder itself, composed of 
steel plates riveted together, was intended 
to be filled with truck loads of lumber and 
when the entrance door was closed and lock- 
ed, the wood was subjected, after some pre- 
liminary treatment, to hydraulie pressure 
through the medium of the treating solu- 
tion, which envelopes the surface of each 
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piece of lumber and which the pressure was 
intended to force into it at every point. 

With cylinders of such enormous diam- 
eters and riveted plates, the pressure that 
can be withstood is relatively light and as 
a consequence the time of saturation is 
necessarily long. 

The preliminary treatment before re- 
ferred to is usually a steaming of the wood, 
followed by application of a vacuum for the 
purpose of facilitating the final step of im- 
pregnation. <A pressure of 150 lbs. is quite 
as much as can be maintained as an aver- 
age in such a cylinder and to effect a com- 
plete saturation, even with soft woods one 
inch thick, requires in such a case from 36 
to 40 hours. A core saturation in heavier 
timbers such as 4 x 4 in. or 6 x 6 in. is rare- 
ly if ever obtained even in soft woods, and 
never in the hard woods. 

A radical improvement upon this meth- 
od of working was effected by Mr. Jos. L. 
Ferrell, of Philadelphia, in the invention 
of the apparatus now in use by the U. S. 
Fireproof Wood Co. of Philadelphia, and 
which was deseribed and figured in the 
Scientific American of July 28, 1900. By 
the replacement of the hinged gate by a 
heavy gate, sliding between vertical guides 
against a phosphor-bronze bearing and 
placed in a massive gate housing near the 
end of the cylinder, which is of heavy east 
tubing, he was able to use pressures rang- 
ing from 400 to 1,500 pounds in extreme 
eases. By the intervention of a hydraulic 
accumulator he was able to perfectly cush- 
ion the shoek of the high-pressure pumps 
so as to prevent all bruising of the wood 
when under strong pressure. No prelimin- 
ary steaming or vacuum is necessary, but 


after the receiver is full of liquid and the 


pressure is applied, the liquid penetrates 
and, in what seems an incredibly short 
space of time, has followed the medullary 
rays from end to end of the lumber and ef- 
fected what is bound to be a thorough core 
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saturation. One hundred per cent. satura- 
tion (weighed wet) is readily effected in 
ten minutes and after the kiln drying the 
permanent gain in the weight of the wood 
will be found to be from 5 to 10 per cent., 
distributed throughout its whole cellular 
structure and not on the surface or in the 
exterior layers only. 

Hard woods in large sizes up to 12 by 
12 in. have been so treated, and upon being 
sawed through have been found to have 
perfect heart saturation. 

With the mechanical side of the fire- 
proofing treatment thus perfected, let us 
turn again to the choice of a chemical which 
shall prove as fire-resistant as possible and 
impart this quality to the wood. Some of 
the qualities that such a chemical should 
possess may be briefly reviewed. 

1. It must not be of a hydroscopic na- 
ture, because in such ease it would destroy 
paint and keep the surface of the wood in 
an undesirable moist condition. For this 
reason the chlorides of calcium, magnesium, 
and zine are exeluded, although an attempt 
has been recently made in a German patent 
to produce for this purpose a basic chloride 
of calcium which it is claimed is free from 
this drawback and is recommended for fire- 
proofing of wood. 

2. It must not be a volatile substance, 
because in such ease it will gradually be 
liberated from the cells of the wood and 
show as an efflorescence, besides leaving the 
wood after a time weaker in its fire resist- 
ant character. The ammonia salts, notably 
the sulphate and chloride, will not stand 
this test at all satisfactorily. In the dry 
kiln, the liberation of ammoniacal gas be- 
gins already at 125° F. and the efflorescence 
is frequently recognizable even when the 
surface has been varnished if the wood has 
been exposed to strong sunshine for any 
length of time. Of course such efflores- 
cence speedily ruins the appearance of a 
varnished wood. 
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3. The chemical used must not allow of 
fungus growth, for in such case the wood 
will decay more rapidly than untreated 
wood. Here again the ammonia salts, in- 
cluding the phosphate as well as sulphate, 
are unsatisfactory, as when the conditions 
of warmth and moisture are favorable the 
treated wood develops a fungus rapidly and 
deteriorates in strength. 

4. If possible the chemical should have 
exactly the opposite character, viz., a dis- 
tinct preservative effect, so that the life of 
the treated wood should exceed that of 
untreated wood. 

5. There should be no noxious gas liber- 
ated in the heating or‘carbonizing of the 
wood. 

6. The chemical used must not be poison- 
ous in character, so that splinters impreg- 
nated with it, if by accident run into the 
flesh or wounding it, shall not endanger life 
or health. 

7. It should not cause the corrosion or 
rusting of metal which in the form of 
screws or bolts are passed through it. 

8. The cost must be moderate, as its 
practical utilization will be barred if the 
materials be such as to make the process 


expensive one. 


After a most exhaustive series of experi- 
ments, extending over several years with a 
wide range of compounds, Mr. Ferrell, the 
inventor of the fireproofing method just 
referred to, has found in sulphate of alum- 
ina a compound that appears to answer all 
the requirements as stated. It has the ad- 
ditional feature of no slight importance in 
its bearing upon the fireproofing effect, that 
when strongly heated it leaves ar infusible 
and non-conducting residue to cover and 
protect the cellular structure throughout 
the wood. It absolutely prevents the pro- 
pagation not only of flame throughout the 
wood but even of a glow because of its non- 
conducting and unalterable character. 

Sulphate of alumina in concentrated 
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solution is far more efficient than an alum 
solution; in faet it would seem as if the 
alkaline sulphate of the alum simply de- 
tracted from the power of the aluminum 
sulphate in the matter of making wood fire- 
resistant. 

I have before referred to the way in 
which sulphate or phosphate of ammonia 
act to make wood fire-resistant, viz., by 
rapidly liberating ammonia gas, which has 
the effect of checking the flames on the sur- 
face of the wood. The fiercer the flame 
which plays against such wood the more 
rapid the liberation and exhaustion of 
the protecting vapor. There is no residual 
protective substance remaining in the wood 
and the carbonization of the fiber proceeds 
apace. 

On the other hand, so soon as the sulphate 
of alumina of the superficial layer of the 
wood impregnated with this chemical is 
decomposed by the heat of a flame, a depos- 
it of alumina is formed, the non-conducting 
properties of which make it a barrier 
against the propagation of the carbonizing 
effeet and protect the interior in a very no- 
table degree. An actual experiment, one 
of a large number which I carried out joint- 
ly with the inventor, will illustrate this. 
If a piece of wood be saturated with a solu- 
tion of sulphate of alumina of 30° B. 
strength to a depth of not more than three 
eighth ineh from the surface and the point 
of the inner blue cone of a strong Bunsen 
flame be made to impinge upon it and kept 
in such a position, a boring effect takes 
place while an abundant separation of 
alumina will be observed. The average re- 
sistance of a piece of one-inch white pine 
so treated to the complete boring result, 
with final penetration of the flame to the 
other side, will be over three hours. If a 
Similar piece of one-inch white pine be 
‘heart-saturated’ with ten times the quan- 
tity of sulphate of ammonia and the same 
Bunsen flame be applied under exactly 
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sunilar conditions, the average resistance 
to complete penetration will not be over 
seventy minutes. These results have been 
obtained repeatedly and in instances the 
disproportion was much greater. 

Some very interesting observations have 
been made on the physical changes which 
the fireproofing material undergoes on the 
continued application of heat. As a result 
of repeated measurements, it is found that 
the residual alumina occupies a space from 
two and a half to three times as great as the 
dried salt from which it is formed. Hence 
in forming it apparently expands to fill out 
the air spaces and intercellular spaces of 
the wood very fully. This results in the 
formation of a very compact non-conduct- 
ing barrier which interposes itself to the 
action of the flame and protects the layers 
of woody tissue upon which it is formed. 
The protection is therefore a real and much 
more lasting one than that which could 
eome from the liberation of a gas whose ac- 
tion, from the nature of things, could be 
evanescent only. 

In working on a large seale, where heavy 
timbers or boards in the rough are treated, 
the saturation with the sulphate of alum- 
ina solution is always carried out until 
complete ‘heart saturation’ is attained as 
the wood has to be sawed, planed, mortised 
and otherwise worked and cut into and all 
surfaces that will be exposed later must be 
fire-resistant to the fullest degree. 

As, irrespective of the large number of 
both soft and hard woods that, because of 
their practical value, had to be tested, the 
same kind of wood will differ greatly in its 
physical characters, according as it may 
be heart-wood or sap-wood, and according 
as it may be young wood or thoroughly ma- 
tured, a vast number of saturation tests 
have been made in establishing the effi- 
ciency of the different methods of working 
and the value of different solutions. No 
deduction has been thought to be of value 
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that was not based upon a large number of 
tests carried out under similar conditions so 
as to obtain an average that could be relied 
on. The immensity of the task may be un- 
derstood when it is stated that 88,000 sat- 
urations and fire tests with complete attend- 
ing records have been made of different 
thicknesses of 19 different varieties of wood 
and 46 chemical formule, requiring the con- 
stant application of the inventor and his 
assistants and running through a period of 
over six years. 

One remaining question and a very im- 
portant one is what effect has the fire- 
proofing treatment upon the structural 
strength of the wood. When the older 
methods of saturation whereby the wood 
was steamed and then subjected to pressure 
for long periods was the only one available, 
it was recognized that a compression of the 
cellular structure of the exterior layers of 
the wood took place so that the wood was 
distinetly weakened and the results for 
tensile strength and bending and _ break- 
ing tests were accepted as necessarily lower 
than for the same wood untreated. With 
the superior method of impregnation now 
adopted, however, no such allowance is 
necessary and the treated wood is in no way 
inferior in strength to the untreated. Pro- 
fessors Mason and Bliss, of the University 
of New York, have made a large number of 
physical tests upon the wood treated by the 
Ferrell process and have established this 
important fact very fully. The whole mat- 
ter however of the fire-resistant properties 
of wood treated by different processes to- 
gether with physical tests upon the same is 
now under investigation by a Commission 
appointed by the ‘Bureau of Building Con- 
struction of the City of New York’ and I 
have no doubt that its report when pub- 
lished will throw much additional light 
upon this most important subject. 

SAMUEL P. SADTLER. 

PHILADELPHIA, July, 1902. 
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AMERICAN ASSOCIATION FOR THE AD- 
VANCEMENT OF SCIENCE. 


TWENTIETH ANNUAL REPORT OF THE COMMITTEE 
ON INDEXING CHEMICAL LITERATURE, 


THe Committee on Indexing Chemical Lit- 
erature, appointed by your body in 1882, re- 
spectfully presents to the Chemical Section 
its Twentieth Annual Report, covering the ten 
months ending June 1, 1902. 


WORKS PUBLISHED. 


A Bibliography of the Analytical Chemistry 
of Manganese, 1785-1900. By Henry P. 
TatBot and Joun W. Brown. City of 
Washington, published by the Smithsonian 
Institution. 1902. 8vo. Pp. viii + 124. 
Smithsonian Miscellaneous Collections, Vol. 
XLI. (Number 1313.) 


Index to the Literature of the Spectroscope 
(1887-1900, both dates inclusive) [continua- 
tion of the previous index by the same au- 
thor published in 1888]. By ALrrep Tuck- 
ERMAN. Washington City, published by the 
Smithsonian Institution. 1902. Svo. Pp. 
iii + 373. 

Smithsonian Miscellaneous Collections, Vol. 
XLI. (Number 1312.) 


Chemical Societies of the Nineteenth Century. 
By Henry Carrincton Bouton. City of 
Washington, published by the Smithsonian 
Institution. 1902. S8vo. Pp. 15. 
Smithsonian Miscellaneous Collections, Vol. 
XLI. (Number 1314.) 

This contains a list of the serials published 
by the societies, fifty-six in number, statistics 
of membership for 1900, ete. 


On a System of Indexing Chemical Literature, 
adopted by the Classification Division of the 
U. S. Patent Office, by Epwin A. Hin. J. 
Am. Chem. Soc., XXIL., No. 8; also Chem. 
News, Vol. 84, 202 et seq. Oct.—Nov., 1901. 


A Bibliography of Photography. By Miss 
ApeLawe M. Cuase, was begun in the 
February number of the Photo Fra, pub- 
lished at Boston. It is confined to literature 
in English and does not include articles in 
photographie and chemical journals. 
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NOTES OF FOREIGN BIBLIOGRAPHIES. 


Russkaya chast Khimicheskoy Bibliographii. 
A. K. Krupsxy. St. Petersburg. 1900. 
4to. Pp. 62. 

This is a reprint by the Imperial Academy 
of Seiences, St. Petersburg, of the Russian 
titles in Bolton’s Select Bibliography of Chem- 
istry. (Vols. 1-3.) 

Index to the Literature of Colloids. W. R. 
Wuitney and J. E. Oper. J. Am. Chem. 
Soc., Vol. XXIII. p. 842. (Nov. 1901.) 


Sammelkatalog der in Hamburger offentlichen 
Bibliotheken vorhandenen Litteratur aus 
der Chemie und aus verwandten Wissen- 
schaften. Gtutnzer, LANGFURTH und Votaert- 
LANDER. Hamburg. 1901. 8vo. Pp. 108. 


Répertoire général ou Dictionnaire méthodique 
de bibliographie des industries tinctoriales 
et des industries annexes JULES GARGON. 
Paris. 1900-1901. 3 vols., roy. S8vo. Pp. 
1978 in the 3 volumes. 

This completes the work noticed in the 

Eighteenth Annual Report. 


WORKS IN PROGRESS. 

The MS. of an ‘Index to the Literature of 
Thorium,’ by Cavalier H. Joiiet, Ph.D., of 
Columbia University, New York, has been ex- 
amined by each member of your committee, 
and recommended for publication to the Smith- 
sonian Institution. It is now being prepared 
for printing. 

Mr. Benton Dales, of Cornell University, 
has in preparation ‘An Index to the Litera- 
ture of the Yttrium Group of the Rare Earths.’ 

Reports of progress have been received from 
Messrs. Frank R. Fraprie and H. Carrington 
Bolton. 

It is the sad duty of the committee to record 
the death of one of its original members, Pro- 
fessor Albert R. Leeds, Ph.D., long professor 
of chemistry in the Stevens Institute of 
Technology, Hoboken, N.J. His contributions 
to chemical bibliography include ‘ Indexes to 
the Literature of Ozone,’ and of ‘ Peroxid of 
Hydrogen,’ 

It is gratifying to note the increasing and 
continued interest in bibliography on all sides, 
and the committee stands ready to encourage 
the movement in chemistry by practical assist- 
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ance to those desirous of contributing to the 
now considerable list of indexes. Address 
correspondence to the Chairman, at the Cosmos 
Club, Washington, D. C. 

H. Carrincton Botton (in Europe), 

F. W. Ciarke, 

A. B. Prescort, 

ALFRED TUCKERMAN, 

H. W. WIiey, 


Committee. 


APPENDIX.—BIBLIOGRAPHIES NAMED IN REPORTS 
I.-xx., 1883-1902. 


The following list includes only those bib- 
liographies that have been published under the 
auspices of the committee, or independently, as 
monographs and separates. 

Copies may be obtained, so far as available, 
on application to the Society or Institution 
issuing them, or in some cases by addressing 
the authors. 


Aceto-Acetic Ester, Bibliography of. By Pau. 
H. Seymour. Smithsonian Miscellaneous 
Collection, No. 970. Washington. 1894. 


Carbides, Review and Bibliography of the 
Metallic. By J. A. Matuews. Smithsonian 
Miscellaneous Collections, No. 1090. City 
of Washington. 1898. S8vo. Pp. 32. 


Cerium and Lanthanum, Indezes to the Litera- 
ture of. By W. H. Magee. Smithsonian 
Miscellaneous Collections, No. 971. Wash- 
ington. 1895. 8vo. Pp. 43. 


Chemistry, A Select Bibliography of; 1492- 
1892. By Henry Carrinaton Borton. 
Smithsonian Miscellaneous Collections, No. 
850. Washington. 1893. 8vo. Pp. 1212. 
‘First Supplement,’ S. M. C., No. 1170, 1899. 
Section VIII., ‘Academic Dissertations,’ S. 
M. C., No. 1253. 1901. 


Columbium, Index to the Literature of ; 1801- 
1887. By Frank W. TrapHacen. Smith- 
sonian Miscellaneous Collections, No. 663. 
Washington. 1888. 8vo. Pp. iv + 27. 


Didymium, Index to the Literature of ; 1842- 
1893. By A. C. Lanemurr. Smithsonian 
Miscellaneous Collections, No. 972. Wash- 
ington. 1895. S8vo. Pp. 20. 
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Explosives, Index to the Literature of. Part 
I. By Cuartes E. Baltimore. 
1886. S8vo. Pp. 42. Part II., Baltimore. 
1893. S8vo. Pp. 48-195. 

Electrolysis, Index to the Literature of ; 1784- 
1880. By W. Water Wess. Annals of 
New York Academy of Sciences, Vol. IL., 
No. 10, 1882. S8vo. Pp. 44. 

N. B. This has been translated into French 

by Donato Tommasi, Paris, 1889. 


Heat, Dictionary of the Action of Heat upon 
certain Metallic Salts, including an Index 
to the Principal Literature upon the Subject. 
Compiled and arranged by J. W. Batrp; con- 
tributed by A. B. Prescorr, New York. 
1884. 8vo. Pp. 70. 


Light, Chemical Influence of, A Bibliography 
of. Atrrep TucKERMAN. Smithsonian 
Miscellaneous Collections, No. 785. Wash- 
ington. 1891. 8vo. Pp. 22. 


Manganese, Index to the Literature of; 1596- 
1874. By H. Carrineron Botton. Annals 
of the Lyceum of Natural History, New 
York, Vol. XI., November, 1875. 8vo. Pp. 
44. 

Manganese, Analytical Chemistry of, A Buib- 
liography of the. By Henry P. Tatpotr and 
Joun W. Brown. Smithsonian Miscellane- 
ous Collections, No. 1313. City of Wash- 
ington. 1902. 8vo. 


Morphine, Chemical Bibliography of; 1875- 
1897. By H. Brown. Pharmaceutical 
Archives. Vol. I, No. 3. No date, no 
place. 8vo. Pp. 60. 


Ozone, Index to the Literature of ; 1785-1879. 
By Apert R. Leeps. Annals of the New 
York Academy of Sciences, Vol. I., No. 12, 
1880. 8vo. Pp. 32. 


Ozone, Index to the Literature of ; 1879-1883. 
Accompanied by a Historical, Critical 
Résumé of the Progress of Discovery since 
1879. By Avpert R. Leeps. Annals N. Y. 
Academy of Sciences, Vol. IIL., p. 137. 1884. 
8vo. Pp. 16. 


Peroxid of Hydrogen, Index to the Literature 
of; 1818-1878. By Apert R. Leeps. An- 
nals of the New York Academy of Sciences. 
Vol. IL, No. 13, 1880. S8vo. Pp. 11. 
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Peroxid of Hydrogen, Index to the Literature 
of; 1879-1883. By Apert R. Leeps. An- 
nals of the New York Academy of Sciences. 
Vol. IIL, p. 153, 1884. 8vo. Pp. 3. 


Platinum Group, A Bibliography of the Metals 
of the. Platinum, Palladium, Iridium, 
Rhodium, Osmium, Ruthenium, 1748-1896. 
By James Lewis Howe. Smithsonian Mis- 
cellaneous Collections, No. 1084. City of 
Washington. 1897. S8vo. Pp. 318. 


Spectroscope, Index to the Literature of. By 
TucCKERMAN. Smithsonian Miscel- 
laneous Collections, No. 658. Washington. 
1888. 8vo. Pp. x + 423. 

The same, 1887-1900, both dates inclusive. 
S. M. C., No. 1312. Washington City. 1902. 
8vo. Pp. iii + 373. 


Starch-sugar Bibliography of. By Epw. J. 
Hatitock. Appendix E to Report on Glu- 
cose prepared by the National Academy of 
Sciences, ‘n response to a request made by 
the Commissioner of Internal Revenue. U. 
S. Internal Revenue, Washington, D. C. 
1884. S8vo. Pp. 44. 


Tannins, Index to the Literature of. By 
Henry Trmspie. The Tannins. Philadel- 
phia, 1892. Vol. I., Appendix. Vol. IL, 
Philadelphia, 1894. 


Thallium, Index to the Literature of. By 
Martua Doan. Smithsonian Miscellaneous 
Collections, Vol. XLI., No. 1171. Washing- 
ton. 1899. Pp. 26. 


Thermodynamics, Index to the Literature of. 
By Atrrep TucKERMAN. Smithsonian Mis- 
cellaneous Collections, No. 741. Washing- 
ton. 1890. 8vo. Pp. vi+ 329. 


Thorium, Index to the Literature of. By 
Cavauier H. Joiiet. Smithsonian Mis- 
cellaneous Collection, No. —. [In press.] 


Titanium, Index to the Literature of; 1783- 
1876. By Epw. J. Haitock, Annals of the 
New York Academy of Sciences, Vol. I., Nos. 
2 and 3, 1877. 8vo. Pp. 22. 


Uranium, an Index to the Literature of ; 1789- 
1885. By H. Carrineton Boiron. Smith- 
sonian Report of 1885. Washington. 1885. 
8vo. Pp. 36. 
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Vanadium, Index to the Literature of. By G. 
Jewett Rockwett. Annals of the New 
York Academy of Sciences, Vol. 1., No. 5, 
1877. 8vo. Pp. 32. 


Zirconium, Index to the Literature of. By A. 
©. Lanemurr and BASKERVILLE. 
Smithsonian Miscellaneous Collections, No. 
11738. City of Washington. 1899. 8vo. 
Pp. 29. 


SCIENTIFIC BOOKS. 
JAHRBUCH DER CHEMIE FOR 1900. 


Tue latest volume of this familiar work, 
edited by Richard Meyer, with the cooperation 
of other well-known chemists, contains an ac- 
count of the progress of pure and applied 
chemistry for the year 1900. Here are repre- 
sented some fifteen hundred investigators, of 
whom, as nearly as can be determined, about 
fifty-five per cent. are German, over eleven per 
cent. French, ten per cent. American, and 
nine per cent. English. From this it appears 
that America is next to France and Germany 
in the number of chemical investigators, and 
the great prestige of Germany stands out very 
strikingly. 

The subject matter of the book is divided 
into fourteen sections. In a division so nearly 
complete geological and mineralogical chemis- 
try should find a place. The sense of propor- 
tion is, on the whole, well kept. The amount 
of work done in the organic field still greatly 
preponderates all others, a fact which may be 
judged sufficient reason for devoting 104 pages 
to this section, as against 66 to inorganic, and 
50 to physical chemistry, but it may perhaps 
be questioned whether the coal-tar and color 
industry deserves, in a work of this kind, a 
greater space than any other branch of the 
science. 

The preface to the first volume of the Jahr- 
buch (1891) distinctly sets forth that the ob- 
ject of the book is to present a connected ac- 
count of the work in each field, disclaiming 
any effort to be exhaustive. It is for the read- 
er, not for the reference hunter. From this 
view-point, the work meets a well-recognized 
need. To judge how well the editors have suc- 
ceeded in their task would require an amount 
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of labor little less than their own. A com- 
parison of the Jahrbuch with the abstracts of 
the Centralblatt in one or two fields, shows 
that the work is pretty comprehensive—quite 
so in inorganic chemistry: In the physical 
section more has been omitted, though pre- 
sumably not overlooked. 

After some experience with the book, I ven- 
ture to suggest that its use would be greatly 
facilitated if the names of the authors in the 


text were printed in a heavy-face type. 
E. T. ALLEN. 


Leitfaden fiir das zoologische Praktikum. 
Von Dr. Witty Kiikentuar. Zweite, Um- 
gearbeitete Auflage. Jena, Verlag von 
Gustav Fischer. 1902. Mit 169 Abbil- 
dungen im Text. 

The first edition of this guide for the 
beginner in the study of zoology was reviewed 
in Scrence for November 17, 1899, Vol. X., 
No. 255. 

This, the second edition, does not differ 
essentially from the first edition though it has 
been materially improved by abbreviating some 
of the deseriptions of the systematic surveys, 
rearranging the matter in some of the chap- 
ters, making small but more or less important 
additions here and there and introducing two 
new chapters of eleven pages on the Cestoda 
and Nematoda. A number of the figures of 
the first edition have been discarded and some 
of the borrowed figures have been replaced by 
original drawings. The latter are not always 
equal to those replaced. There have also been 
added a few good new original figures. 

The original 284 pages with 172 figures have 
become 304 pages with 169 figures. The 
typographical work is good, what one ac- 
quainted with Fischer’s work would expect. 
The price of the book unbound is placed at 6 
Marks. 

Henry F. Nacutries. 

UNIVERSITY OF MINNESOTA. 


SCIENTIFIC JOURNALS AND ARTICLES. 


The Popular Science Monthly for Septem- 
ber begins with an article on ‘Aerography’ 
by Percival Lowell, which gives a résumé of 
the mapping of the surface of Mars and shows 
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how the irregular shadows visible with low 
power telescopes have led up to the present 
network of lines seen through glasses of high 
power. J. J. Stevenson discusses ‘University 
Control,’ pleading for a reorganization of the 
present system and for a separation of educa- 
tional and business management. ‘The 
World-view of a Scientist: Ernst Haeckel’s 
Philosophy,’ by Frank Thilly, concludes that 
so far as philosophy is concerned Haeckel is 
still in his first childhood. M. C. Marsh treats 
of ‘Eels and the Eel Question,’ showing the 
many misapprehensions that have been held 
concerning these fishes and their reproduc- 
tion. It is a pity that he did not round out 
the interesting article by telling what is ac- 
tually known regarding their history. Theo. 
Gill gives ‘The Story of a Word—Mammal,’ 
showing that the etymology commonly given 
is incorrect and that it was coined by Lin- 
nexus to denote that class of animals marked 
by having mamme. In ‘A Year of Weather 
and Trade in the United States’ R. DeC. 
Ward shows how intimately the two are con- 
nected. Frederick Adams Wood continues the 
discussion of ‘Mental and Moral Heredity in 
Royalty’ and there is a reprint of Sir Isaac 
Newton’s ‘A New Theory of Light and Col- 
ours.’ In ‘ The Progress of Science’ is an ex- 
tremely good article on ‘Science in American 
Journals’ which makes plain the need of in- 
telligent supervision of scientific articles of 
a popular character. 


DISCUSSION AND CORRESPONDENCE. 
‘EFFECTIVE FORCES.’ 

To tue Epiror or Science: In a review of 
‘Some Recent Works on Mechanics,’ in Sct- 
ENCE, October 11, 1901, reference is made to 
the use of the terms ‘force of inertia’ and 
‘effective forces’ in two of the books under 
consideration, and the opinion is expressed 
that these terms ‘are properly going, if not 
well nigh gone, out of fashion,’ and that 
‘they seem doomed to be replaced by the more 
suggestive term “kinetic reaction,” or “mass 
reaction.”’ It is to be feared that nothing 
is gained by argumentation upon questions of 
this kind, and I have no desire to revive a con- 
troversy which long ago occupied much space 
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in the pages of Science and elsewhere. But 
since the question has been raised in connec- 
tion with my own use of the term ‘ effective 
forces,’ 1 would be glad to record my reason 
for preferring this to the more modern and 
‘suggestive’ terms favored by the reviewer. 
This reason is that it seems unwise to replace 
an established term by another unless the 
latter is a better description of the thing 
designated. And however imperfectly the 
term effective force describes the quantity to 
which it is applied, no term has been sug- 
gested which serves the purpose any better. 
‘Kinetic reaction’ and ‘mass reaction’ are, 
indeed, suggestive, but it is for this very 
reason that they are objectionable, for they 
seem to suggest an erroneous conception of 
the third law of motion. In this respect they 
must, I think, be classed with the term ‘ force 
of inertia.’ 

May I add a word regarding the reviewer’s 
remarks upon the theory of dimensions. He 
rightly emphasizes the value of this theory 
as a means of avoiding and of detecting 
errors in physical equations, but in citing a 
sentence from my book as an example of an 
erroneous interpretation of a constant which 
is immediately detected by the theory of 
dimensions he has, I think, been over hasty. 
The sentence quoted is strictly correct. 

L. M. Hoskxrys. 

STANFORD UNIVERSITY, CAL., 

August 19, 1902. 


REFERENCE BOOKS IN NOMENCLATURE. 

To tHe Eprror or Science: In the issue of 
Science for August 29, 1902 (p. 354), under 
the heading ‘Scientific Nomenclature,’ Mr. R. 
H. Harper gives a list of thirty-two words 
used in current scientific papers which he was 
not able to find in Webster’s International 
(1890), the Century Dictionary (1902) or the 
Universal or Encyclopedic (1897). Being 
loath to believe that some of the words listed 
had wholly escaped the lexicographer refer- 
ence was made to a 1901 edition of the Stan- 
dard and to the Supplement of Webster’s 
International (1900), resulting in the finding 
of definitions for thirteen of the terms. 
Eleven of these definitions are given after the 
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same form of the word as appears in Mr. Har- 
per’s list, while the other two are obviously 
identical in structure with forms given in 
the dictionaries. Thus epetrogenic becomes 
epirogenic while the accultural of the list has 
undoubted affinity with acculturation as de- 
fined in the works consulted. 

Mr. Harper noted, however, that a few of 
his words were to be found in the dictionaries, 
but without meanings corresponding to their 
obvious application by the authors quoted. 
In three cases out of five, however, this objec- 
tion has seemingly been met, at least, so 
far as can be determined without consulting 
the original references. 

Peyote, also, does not seem to constitute a 
fair test for an English dictionary, as it is 
the native Mexican name for a cactus (Ario- 
carpus fissuratus) better known as ‘mescal 
button’ or ‘dry whiskey.’ 

It would thus seem that success in reading 
with understanding the modern Carylean 
writers on scientific subjects depends in a 
measure, at least, on the reference books avail- 


able. Henry E. Baum. 


SHORTER ARTICLES. 
THE PHYSIOLOGY OF SEA WATER. 


For a number of years the writer has been 
studying the physiological action of various 
substances in simple and in mixed solutions. 
For two years the physiology of sea water has 
been given especial attention. A study of 
synthetic solutions variously prepared has 
seemed to indicate that such a solution when 
properly made is capable of replacing sea 
water in some instances in a very satisfactory 
way. 

Experiments made at the Woods Hole Ma- 
rine Biological Laboratory last summer by 
the writer and by Miss Susie Nichols, of Clin- 
ton, N. Y., working under the writer’s direc- 
tion, seemed to indicate that a synthetic solu- 
tion prepared in such a manner as to contain 
the six chief substances present in the sea in 
the proportion there present, differed in a 
very marked way in its physiological proper- 
ties from sea water. It seemed at the time 
that this difference disappeared to a large 
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degree when a considerable excess of salt over 
that given in analysis was added, and some 
structural differences in the molecular consti- 
tution of the two media were suggested as a 
possible explanation. A study of the conduc- 
tivities and freezing points of the solutions 
concerned has been made under the writer’s 
direction during the present season at the labo- 
ratory of the United States Fish Commission 
at Woods Hole by Dr. Joseph 8S. Chamberlain, 
expert in physiological chemistry of the De- 
partment of Agriculture. The evidence pre- 
sented fails to sustain the experiments of a 
year ago. It is clearly indicated that through 
some error, perhaps due to insufficient allow- 
ance for water present in the salts used, a less 
quantity of salts was introduced than was sup- 
posed; hence the necessity for adding the sup- 
posed excess. In the correct concentration, — 
Miss Nichols has been able to carry marine 
alge for a large part of the year, in which 
time they have passed from spore stage to 
spore stage. It is a pleasant duty to state 
that, through the kindness of Professor A. D. 
Morrill, Miss Nichols has enjoyed laboratory 
facilities at Hamilton College for this work. 

Experiments now in progress indicate that 
not only is it possible to prepare an artificial 
sea water in which certain marine alge can 
develop, but it appears that many very sensi- 
tive marine animals can also be kept for long-. 
er or shorter periods of time, and often carry 
out a considerable part of their development 
in artificial mixtures. 

Among animal forms that have been 
tested in this respect may be mentioned the 
following: The Ctenophore (Mnemiopsis Ley- 
du L. Ag.), common in Woods Hole waters; 
Gonionemus Murbachii May., found in the eel 
pond at Woods Hole now being studied in this 
connection, I believe, by Dr. H. F. Perkins; 
a nudibranch mollusk which has apparently 
developed from the egg in an artificial medi- 
um; and the scup, stickleback and silver-sides 
among the fishes. 

A further study of the subject both in its 
chemical and in its physiological phases is 
now in progress. Ropney H. True. 

BUREAU OF PLANT INDUSTRY, 

U. 8. DEPARTMENT OF AGRICULTURE. 
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BERTIELLA, NEW NAME FOR THE CESTODE GENUS 
BERTIA BLANCHARD, 1891. 


Tue generic name Bertia was proposed by 
Ancey, 1888, with Nanina cambodgiensis 
Reeve, a member of the family Limacida, as 
type. Bertea is a genus of diptera. 

In 1891, R. Blanchard, overlooking the fact 
that the name Bertia was preoccupied, pro- 
posed it as a name for a cestode genus which 
has Bertia Studeri as type species. 

In place of Bertia Blanchard, 1891, we here- 
with propose Bertiella Stiles & Hassall, 1902; 
which takes Bertiella Studeri (Blanchard 
1891) as type. 

On a former occasion, we changed the name 
Levinsenia to Levinseniella on the same no- 
menclatural grounds (rule of homonyms), and 
several colleagues have expressed surprise that 
the new name should be so similar to the old. 
This selection of the old name as the initial 
portion of the new name is made deliberately 
and with a certain definite purpose, namely, 
in order to produce as little change as possible, 
both in the name itself and in the position of 
the generic and specific names in an alphabeti- 
cal index. It is in line with the change of 
Trichina to Trichinella, Dicrocelium lanceo- 
latum to D. lanceatum, Haematolechus similis 
to H. similigenus, and with many other 
changes which have been made. In dealing 
with a large number of names, we find that 
such a plan saves much time and trouble, and 
is not an inconsiderable aid to the memory. 
These points, in our opinion, greatly outweigh 
the objection that the genus T'richinella is not 
a small insect closely related to Trichina. 

The species which should be placed in Ber- 
tiella are Bertiella Studeri (Blanchard, 1891), 
B. americana (Stiles, 1895), B. americana 
leporis (Stiles, 1895), B. conferta (Meyner, 
1895), B. Delafondi (Railliet, 1892), B. edulis 
(Zschokke, 1898), B. mucronata (Meyner, 
1895), B. obesa (Zschokke, 1898), B. plastica 
(Sluiter, 1896), B. Sarasinorum (Zschokke, 
1898) and B. satyri (Blanchard, 1891). 

Cu. STILEs, 
Apert 
Wasurineton, D. C. 
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NOTES ON CANKER AND BLACK-ROT, 


Durine the summer of 1901 the leaves on 
some of the upper branches of several sumacs 
(Rhus glabra L.) growing on the university 
campus, were observed to be withering in 
much the same way as though they had been 
struck by a blight. An examination of the 
leaves revealed nothing, but the twigs were 
found to be affected with ‘canker’ caused by 
Spheropsis rhoina (Schw.) Starb. Some of 
the larger limbs, too, had been completely 
girdled by the attacks of the fungus, and this 
accounted for the drying up and withering 
of the leaves. Very careful examinations were 
made in the search for some other cause of 
the trouble, but none could be found. Cross- 
and longi-sections of the diseased twigs were 
made, but aside from the fact that the bark 
and cambium were injured, they appeared to 
be in a perfectly normal condition. No borers 
were found in the specimens examined. 

During the present summer I have been 
carrying on some experiments to determine 
whether Spheropsis rhoina of the sumac and 
Spheropsis malorum of the apple may not be 
the same fungus. The work is not yet com- 
pleted, but the results so far obtained are 
very interesting. 

Very briefly, the experiments were carried 
out as follows: The first thing done was to 
compare the growth and development of pyc- 
nidia in both species. This was accomplished 
by making poured plates of apple bark agar. 
Pyenidia obtained from diseased sumac and 
apple branches were washed in a one-per-cent. 
aqueous solution of corrosive sublimate, and 
finally in distilled water before being broken 
open. Spores were then transferred to Petri 
dishes by the ordinary dilution process. Both 
species germinated and grew very rapidly, and 
in fourteen days typical pyenidia and spores 
were formed. The cultures proved to be pure 
and their behavior was identical in every par- 
ticular. 

At the same time perfectly sound apples 
were inoculated with spores obtained in the 
same way. The apples were carefully steril- 
ized before being inoculated, by immersing 
them for thirty minutes in a one-per-cent. 
solution of corrosive sublimate. After inocu- 
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lating them they were placed in sterile glass 
chambers having close-fitting covers. In six 
days the apples showed signs of rotting and 
in ten days pycnidia had begun to form. On 
the fourteenth day after inoculation the entire 
epidermis was blackened and densely dotted 
with the protruding pyenidia. Here again no 
difference was observed either in the manner 
of growth or the decay produced by the two 
species of Spheropsis. An examination of the 
inoculated apples showed that they were en- 
tirely free from other fungi. Apples treated 
in the same way and put under similar condi- 
tions but stabbed with a sterile scalpel did not 
decay. 

Finally, spores obtained from the inoculated 
apples were used to inoculate healthy branches 
of both the apple and the sumac. So far no 
difference can be observed in the growth of 
Spheropsis rhoina and Spheropsis malorum 
on the apple tree, but the fact that growth has 
gone on from the points of inoculation is estab- 
lished. In the sumac, growth has not been 
so rapid. 

The facts already established in these ex- 
periments go to show that Sphe@ropsis rhoina 
will cause black-rot in the fruit of the apple 
and will also produce the typical ‘canker’ on 
the branches and limbs just as readily as 
Spheropsis malorum. Although the evidence 
is not yet complete it is probable that the two 
species are identical. 

P. J. O’Gara. 

THE UNIVERSITY OF NEBRASKA, 

August 27, 1902. 


PALEONTOLOGICAL NOTES. 
THE GENERIC NAME OMOSAURUS. 


THE name Omosaurus armatus was applied 
by Owen in 1874 to a dinosaur from the Kim- 
meridge Clay described by him in ‘A Mono- 
graph on the Fossil Reptilia of the Mesozoic 
Formations,’ issued by the Paleontographical 
Society. The name first occurs on page 46 
of the part printed in 1875. 

The same generic name had, however, been 
used by Leidy in 1856 for a crocodilian de- 
scribed by him on page 256 of the Proceedings 
of the Academy of Natural Sciences, of Phila- 
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delphia, for that year, to which he gave the 
name Omosaurus perplexus. 

Omosaurus Owen is thus preoccupied, and 
for the genus of Stegosaurs included under 
that name I propose the name Dacentrurus in 
allusion to the powerful spines with which the 
tail was armed. 


A NEW GENERIC NAME FOR STEGOSAURUS MARSHI. 


In Vol. XXIII. of the Proceedings of the 
U. 8. National Museum, pp. 591, 592, I de- 
scribed a new dinosaur from South Dakota 
under the name of Stegosaurus marshi, stating 
that it probably represented a distinct genus, 
although owing to lack of material generic 
characters could not be stated. Curiously 
enough, failure to give a new generic name 
has resulted in the creation of a synonym. 
Better acquaintance with dinosaurs in gen- 
eral and Stegosaurs in particular has shown | 
that the species is not a Stegosaur, but is 
nearly related to the English Polacanthus. 
With the present material it is only possible 
to say that the main apparent differences 
between Polacanthus and Stegosaurus marshi 
are the greater size of the latter and the 
larger and more varied dermal spines with 
which it was clad. In the light of my past 
experience, I shall, however, take the liberty 
of giving a new generic name to the species, 
and for that purpose propose Hoplitosaurus in 
allusion to its heavy armature. 

This genus and the English Polacanthus 
and Acanthopholis are characterized by the 
sudden and considerable expansion of the long 
bones at their articular faces, a feature par- 
ticularly noticeable in the humerus at its 
distal extremity. It may be said that in the 
Stegosauride not more than two pairs of 
spines appear to be present and these are near 
the end of the tail. The main dermal armor 
is in the form of very large and thin plates 
running from the head to near the end of the 
tail. In the three genera named above, placed 
by Mr. Lydekker in the Scelidosauride, the 
dermal armor consists of numerous flattened 
scutes and many large variously shaped 
spines, 

F. A. Lucas. 


| 
beer 
| 
24 
‘ 
th 
4 
CY 
: 


436 


ANTHROPOLOGY IN AMERICA. 

Dr. A. C. Happon’s presidential address be- 
fore the British Anthropological Institute was 
entitled ‘What the United States of America 
is doing for Anthropology.’ The address was 
printed in the Journal of the institute and is 
quoted in Nature. It reviews field work, mu- 
seums and teaching at the universities, and 
concludes as follows: 

It would be impossible to include within 
the limits of a brief address an account of all 
the work that is being done in anthropology 
by the government, by public and private in- 
stitutions, or by individual effort in the United 
States of America. Much as I should have 
liked to have emphasized the interest exhibited 
in the subject and the wonderful activity that 
is being displayed, the bare enumeration of all 
this activity would make a very weary chron- 
icle. 

I must_confess that I felt a not inconsider- 
able amount of envy when on every hand I 
witnessed this energy and then recalled the 
apathy which pervades our own country. 

The American public is more intelligently 
alive to the interest and importance of anthro- 
pology than is our public. The exponents of 
the science are energetic, enthusiastic and 
competent, and they succeed in gaining the 
practical sympathy of wealthy merchants, 
who are not averse to spending money freely 
when they see that the money will be wisely 
spent for the good of the state or of the city. 
One cannot say that the wealthy Americans 
are more intelligent than are our rich men, 
but they do seem to appreciate the value of 
learning to a much greater extent than do 
ours. At all events, they respond more readily 
to the very pressing need there is for the en- 
dowment of research and of those institutions 
which bring the knowledge of the expert down 
to the comprehension of the masses. 

I am quite willing to admit that the fault 
in this country may lie as much with the 
specialist as with the capitalist. In any case 
we have an inspiriting demonstration in the 
United States of America of what can and 
should be done in Great and Greater Britain, 
and I venture to thank our American col- 
leagues in the name of anthropological science 
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for this good example of strenuous effort and 
praiseworthy accomplishment. 


FORESTRY IN THE HAWAIIAN ISLANDS. 


A press bulletin of the Bureau of Forestry 
says that the Hawaiian Islands are in need of 
foresters, and eager to secure them. Governor 
Dole, who sees the immediate necessity of 
caring for the island forests, has applied to 
the Bureau of Forestry for expert men, to be 
sent as soon as they can be spared. The 
mountains are overrun by both wild and tame 
cattle, which graze and trample on young 
trees and destroy the ferns that protect the 
ground. When this ground cover is removed 
the soil rapidly loses its moisture and the 
forest dies. Great areas of Hawaiian forest 
have been utterly destroyed in this way. The 
disappearance of so much forest on the island 
of Hawaii has caused remarkable changes in 
the flow of the streams. There are freshets 
and floods now, followed by long, dry seasons 
when the water does not run. Since much of 
the sugar crop depends entirely on irrigation, 
and since the irrigating ditches must draw 
their water from the mountain streams, the 
damage done the forest affects the prosperity 
of the whole island. Forestry in Hawaii has 
never been attempted by the government, and 
the field will be an entirely new one. It will 
have the support and confidence of the people, 
who are eager for relief from the harm done 
them by the failure of their irrigating ditches 
to supply the sugar crops. 

On the island of Molokai—the leper island 
—still more remarkable conditions prevail in 
the forest. There the timber is grazed and 
trampled to death not by wild cattle alone 
but by herds of red deer, descended from a 
few that were imported from England to stock 
parks. The deer imported propagated beyond 
the calculations of the inhabitants, escaped 
to the woods, and, since there are no animals 
to prey upon them, have increased to many 
thousands. The American forester who un- 
dertakes the care of the timber of Molokai 
will have a problem entirely novel to his ex- 
perience—the protection of forests from wild 
animals. 
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E. M. Griffith, of the Bureau of Forestry, 
U. S. Department of Agriculture, who visited 
the Hawaiian Islands on his way to the Phil- 
ippines last winter, returned a report to Gov- 
ernor Dole in which he said the mountain 
forests of Hawaii must be fenced, on the 
lower slopes to protect them from the tame 
cattle, on the upper slopes to keep out the 
wild ones. He also recommended the estab- 
lishment of a forest force, consisting of a 
forest inspeetor, who should have charge of 
all government forest lands and direct the 
work of the forest rangers; and four forest 
rangers, one for the island of Oahu, one for 
Hawaii, one for Kauai, and one for Maui and 
Molokai. 


SCIENTIFIC NOTES AND NEWS. 


Proressor RupotpH Vircnow died at 2 
o'clock on the afternoon of September 5. A 
public funeral was given by the City of Ber- 
lin on September 9. 


M. Levasseur, professor-of agriculture at 
the Collége de France, has been elected presi- 
dent of the French Association for the Ad- 
vancement of Science. The Association will 
hold its meeting in 1903 at Angiers. 


Tue Iron and Steel Institute of Great Brit- 
ain held its meeting at Diisseldorf last week. 
Among those who made addresses at the open- 
ing meeting was Professor Henry M. Howe, 
of Columbia University. Mr. Andrew Carnegie 
has been elected president of the Institute. 


Proressor S. W. Strartron is at present in 
Berlin studying the Reichsanstalt with a view 
to the buildings to be erected at Washington 
for the newly established Bureau of Standards. 


THe Accademia dei Lincei, at Rome, has 
elected the following members: Hieronymus 


Zeuthen, Hendrich Anton Lorentz, Robert » 


Thalén, Julius Wiesner and Hugo de Vries. 


Sir Henry Tuompson, well known for his 
humerous publications on medical topics and 
also for astronomical studies, has recently 
celebrated his eighty-second birthday. 


SecreTary Hay has appointed Dr. H. C. 
Wood and Dr. F. B. Power to represent the 
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United States at the International Conven- 
tion for the Unification of the Formulas for 
Heroic Medicines, which is to be held at 
Brussels, beginning on September 15. 


Dr. Nicwoias SENN, professor of surgery in 
the Rush Medical College, has returned to 
Chicago from a journey to the Orient. 


Dr. W. W. Keen, professor of surgery in 
the Jefferson Medical College of Philadel- 
phia, who has been making a tour round the 
world during the past fifteen months, is ex- 
pected to arrive in New York on September 
19. Dr. Keen will resume his teaching and 
practice. 


Dr. C. H. Wiyp, of Groningen, has been ap- 
pointed director of the Royal Dutch Meteoro- 
logical Institute at De Bilt. 


Dr. Hittner, of the Berlin Bureau of 
Health, has been called to the directorship of 
the newly established Agricultural Institute 
at Munich. 


THE centenary of the birth of Hugh Miller 
was celebrated at Cromarty on August 22. 
The principal address was made by Sir Arch- 
ibald Geikie. An address was also made by 
Dr. John M. Clarke. 


THE death is announced of Dr. Paul Plosz, 
professor of physiological and pathological 
chemistry in the University of Budapest, aged 
fifty-seven, and Dr. Mare Micheli, the botanist, 
at Geneva, at the age of fifty-seven years. 


Kine Epwarp has granted a charter incor- 
porating the new British Academy for the 
promotion of historical, philosophical and 
philological studies, with forty-nine original 
fellows. 


Ir will be remembered that the plan of en- 
larging the scope of the Royal Society to in- 
clude representatives of the humanities was 
seriously discussed. 


Tue New York Aquarium was during July 
and August visited by 512,625 persons. 


Tue Civil Service Commission will hold an 
examination on October 21 for the position of 
assistant engineer in the Hydrographic Divi- 
sion of the Geological Survey and to fill three 
vacancies in the position of topographic 


oe 

ri 

a 

+ 

7 

Sie 

. 
es 
x 

= 

= 
A 
A 

te 


438 


draftsman in the Coast and Geodetic Survey— 
two at a salary of $900 per annum each, and 
one at a salary of $700 per annum. 


Avr the meeting of the Corporation of the 
Marine Biological Laboratory held in Wood’s 
Holl, August 12, 1902, it was voted to raise 
the fee to $4.00 a year, and to send the Bio- 
logical Bulletin to all members in good stand- 
ing. The Bulletin will be published as here- 
tofore, under the auspices of the Marine Bio- 
logical Laboratory, and its scope will include 
zoology, general biology and physiology. It 
will contain original articles in these fields, 
and also occasional reviews, and reports of 
work and lectures at the Marine Biological 
Laboratory. Preliminary statements of im- 
portant results will be made a special feature. 


Tue Marine Biological Station of the Uni- 
versity of California at St. Pedro has had a 
successful session. The laboratory has been 
under the direction of Professor W. E. Ritter, 
Professor C. A. Kofoid and Dr. H. B. Torrey. 


Proressor C. D. Perrine discovered a comet 
at the Lick Observatory on September 1. It 
is in the constellation Perseus and is moving 
slowly northwest. It is slightly elongated, 
4’ in diameter, with a tolerably well defined 
nucleus and a tail less than 30’ long. 


THE expedition under the leadership of Col. 
Willard Glazier, of New York, which left St. 
John’s on July 10 on the steamer Virginia 
Lake to explore the unknown parts of Labra- 
dor, has returned. 


Tue Census Bureau has issued a statement 
showing the increasing age of the population 
from deeade to decade. The median age of 
the total population in 1900 was 22.8 as com- 
pared with 21.9 in 1890. The median age of 
the white population in the last census year 
was 23.4 and the colored, including Negroes, 
Indians and Mongolians, was 19.7, while in 1890 
that of the white population was 22.4 and the 
colored 18.3. The report shows that there 


was an increase in the median age of the white 
population in each decade from 1810 to 1890, 
amounting in the ninety years to 7.4 years, 
The statement says: Many complex influences 
have cooperated in producing as a resultant 
this steady change in the age composition of 
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the population. Three may be mentioned— 
the rapid progress of medical and sanitary sci- 
ence, which has tended to increase the aver- 
age length of life; the decrease in the relative 
number of children born, which has made the 
earlier age periods less preponderant numer- 
ically in the total population, and the influx, 
especially since 1840, of great numbers of 
adult immigrants, increasing the number in 
the older age periods. 


The Medical News gives an account of 
the Pathological Museum, established by 
Professor Virchow at Berlin, which con- 
tains 23,066 preparations. A similar institute 
does not exist in the world, and the well- 
known and doubtless as prominent Musée 
Depuytren in Paris, in comparison with 
Virchow’s creation, is but a fragment. How 
completely throughout and in what minute de- 
tail the pathological museum has been planned 
can be seen by the fact that besides the apart- 
ments for the director, assistants and drafts- 
man, microphotographic rooms been 
built, workrooms provided for the mounting of 
preparations and their temporary conserva- 
tion, and even a bathroom furnished for the 
laboratory attendants. Self-dependent as in 
certain respects this new pathological mu- 
seum is, it yet stands in organic and local 
connection with the pathological institute, 
which, like the whole Hospital of the Charité, 
will be remodeled in compliance with modern 
demands, and will also in a short time be re- 
built in new and more splendid form. Besides 
the relation which exists between the patho- 
logical institute and the clinical divisions of 
the hospital, because the necropsies are per- 
formed there, various physical, clinical and 
bacteriological sections will be added separ- 
ately in the new institute for scientific pur- 
poses. 


Tue Journal of the American Medical As- 


-sociation gives the following statistics in re- 


gard to students in the United States: One 
hundred and fifty-six medical colleges, with 
6,776 instructors, enrolled 27,501 students and 
graduated 5,002 students in the school year 
1901-2. In the year previous, 1900-1, 156 
colleges, with 5,958 teachers, enrolled 26,417 
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students and graduated 5,444. Twenty years 
ago there were 89 medical schools with 14,934 
students and 4,115 graduates. The increase 
in the number of schools and students is far 
in advance of the increase in the number of 
graduates. The graduates twenty years ago 
were 4,115; in 1900, 5,314; in 1901, 5,444, and 
in 1902, 5,000. The attendance in twenty 
years has therefore increased nearly 200 per 
cent. and the number of graduates has in- 
creased less than 25 per cent. The decrease 
in the number of graduates in the last year 
is assigned to the increased length of course 
of study and increased requirements by state 
boards. It is considered by many a temporary 
decrease and one that will be changed to an 
increase as soon as the temporary check is 
overcome. The decrease in graduates is classi- 
fied thus: There were 4,879 graduates from 
the regular colleges in 1901; 387 from the 
homeopathic; 148 from the eclectic, and 30 
from the physio-medical. and nondescript; 
total, 5,444. In 1902, 4,498 graduated from 
regular schools; 336 from the homeopathic; 
138 from the eclectic, and 27 from the others; 
a decrease in every class. The increase in 
students is classified thus: There were 23,846 
students registered at the regular colleges 
during the year ending July 1, 1901; 1,683 at 
the homeopathic; 664 at the eclectic, and 224 
at the physio-medical and nondescript; a to- 
tal of 26,417. During the year ending July 
1, 1902, 24,878 students registered at the regu- 
lar colleges; 1,617 at the homeopathic; 765 
at the eclectic, and 241 at the physio-medical 
and nondescript; total, 27,501. This is an in- 
crease among all but the homeopathic schools. 
In the year the regular schools increased in 
enrolment 1,032 and decreased in number of 
graduates 381. The homeopaths lost in en- 
rolment 66 and in graduates 51; the eclectics 
gained in enrolment 99 and lost 10 in gradu- 
ates; all other schools gained 17 in enrolment 
and lost 3 in graduates. 

Tue Electrical World gives details as to the 
award of the Galileo Ferraris award, to which 
we have already called attention. The com- 
mission for the award, which was instituted 
in 1898, composed of representatives of the 
executive committee of the Association of the 
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General Italian Exposition, in Turin, 1898, of 
the Chamber of Commerce and Arts, of the 
Royal Academy of Sciences and of the Royal 
Italian Industrial Museum of Turin, has de- 
cided to reopen an international competition 
for the conferring of this premium on the 
oeeasion of the inauguration, which will take 
place in the second half of September next, of 
the monument to be erected in Turin in honor 
of Galileo. The premium consists of 15,000 
lire and interest from 1899 up to the date of 
the assignment, and will be conferred upon the 
author of any invention from which results a 
notable progress in the industrial applications 
of electricity. Competitors can present papers, 
projects and drawings, as well as machines, 
apparatus or constructions relating to their in- 
ventions. The jury nominated by the associa- 
tion above named will have most ample powers 
to execute practical experiments with the in- 
ventions presented. Competitors must present 
their requests and deliver their works, ma- 
chines, apparatus or anything else connected 
with their inventions, not later than the 18th 
day of September, 1902, at the office of the 
secretary of the association, in the palace of 
the Chamber of Commerce and Arts of Turin, 
via Ospedale, No. 28. 

THE topographic survey of the eastern part 
of the state of Washington, commenced by the 
U. 8. Geological Survey, will be continued this 
season under the general direction of Mr. R. 
U. Goode. Two parties from the geological 
survey will be engaged in the work. One of 
them will be under Mr. L. C. Fletcher, with 
Messrs. J. G. Hefty and J. B. Bond as assist- 
ants. The work of the party will be an ex- 
tension westward of that commenced last sea- 
son in the vicinity of Republic, the area to be 
surveyed extending along the international 
boundary for about 30 miles and including 
the valley of the Okanogan River and the 
region adjacent to the Osoyoos Lake. ‘The 
second party will be under Mr. G. T. Hawkins. 
The work assigned to this party is the exten- 
sion of the existing triangulation in the vicin- 
ity of Spokane southward through Whitman, 
Garfield and Asotin counties. This triangula- 
tion will be followed as soon as may be prac- 
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ticable by a detailed topographic survey, and 
the resulting maps will in turn form a basis 
for the investigation of the important eco- 
nomic problems in this region. 

UNIVERSITY AND EDUCATIONAL NEWS. 

Tue Carnegie Trust for the universities of 
Scotland, in addition to payment of the fees 
of students, has now made appropriations for 
buildings and teaching. The sum of £40,000 
a year for five years is to be distributed among 
the universities as follows: Edinburgh, £11,- 
500; Glasgow, £11,000; Aberdeen, £9,000; and 
St. Andrews, £8,500. Under buildings and 
permanent equipment Glasgow receives £8,000 
per annum for the period of five years; Aber- 
deen (which has recently greatly extended its 
buildings), £1,000 a year for apparatus; St. 
Andrews, £3,000 a year; and Edinburgh, £8,000 
a year. The grants for teaching, which are 
partly only for present expenditure, and main- 
ly to establish a fund which at the end of the 
five years’ period will constitute the nucleus 
of a permanent endowment in each case, are 
as follows: Glasgow, £2,000 a year; Aber- 
deen, £7,000 a year; St. Andrews, £4,500 a 
year; Edinburgh, £2,500 a year. To each of 
the university libraries an annual sum of 
£1,000 is given. 

Tue value of the estate of the late Dr. Levi 
Cooper Lane, San Francisco, has been ap- 
praised at over $300,000. His widow, who 
died on August 9, has left the bulk of the es- 
tate to Cooper Medical College. 


Tue chair of pathology at Johns Hopkins, 
held by Professor Welch, will hereafter be 
known as the ‘ Boxley Professorship of Pathol- 
ogy, in memory of Dr. Henry Willis Boxley, 
an eminent surgeon of Baltimore, who died in 
1876, leaving a bequest for the founding of a 
chair in pathology. 


Ar the University of Colorado, at Boulder, 
John B. Ekeley, M.A. (Colgate), Ph.D. (Frei- 
burg), has been elected professor of chemistry 
to succeed Dr. Chas. S. Palmer, who has been 
called to the presidency of the Colorado State 
School of Mines. 


Presipent E. R. Nicuowis, of the Kansas 
State Agricultural College, has declined the 
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presidency of the Rhode Island College of 
Agriculture and Mechanic Arts. 


Dr. F. P. Graves has resigned the presidency 
of the University of Washington. Professor 
T. F. Kane, professor of Latin, has been 
elected acting-president. 


Sir Grorce Strokes, since 1849 Lueasian 
professor of mathematics at Cambridge, has 
been elected master of Pembroke College. 


Mr. James Brack Baur, B.A. Camb., 
M.A. and D.Phil. Edin., lecturer on philoso- 
phy at University College, Dundee, has been 
appointed professor of moral philosophy in 
the University of Aberdeen, in succession to 
Professor Latta, who was recently called to 
Glasgow. 

Dr. Benzamin Moore, lecturer in physiology 
in Charing Cross Medical School, has been 
elected to the Johnston chair of bio-chemistry 
in University College, Liverpool. Dr. Moore 
until recently held the chair of physiology in 
the Medical School of Yale University. 


Mr. J. Grauam Kerr, of Christ’s College, 
Cambridge, has been appointed professor of 
natural history in the University of Glasgow, 
in succession to Professor John Young, who 
has resigned. 

Dr. Herman Minkowskt, of the Polytechnic 
School at Zurich, has been called to a pro- 
fessorship of mathematics at Géttingen. 


Proressor Scuotky, of Marburg, has been 
called to a full professorship of mathematics 
at Berlin. 


Dr. Isutmro Miyake has been appointed on 
the faculty of the new Waseda University 
(Japan), which has just opened this month 
under the presidency of Dr. Hatoyama. Dr. 
Miyake was formerly a student in Yale Uni- 
versity, having taken his degree in experi- 
mental psychology with a thesis entitled ‘Re- 
searches on Rhythmic Action.’ 


Errata: In the article by Mr. A. Lawrence 
Rotch on the International Aeronautical Con- 
gress, page 297, second column, nineteenth line, 
‘ten kilometers thick,’ read ‘ fourteen kilometers 
high’; second line from bottom, ‘or registration 
balloon, ballon sonde,’ read ‘ registration balloon, 
or ballon sonde.’ 


